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WELCOME 

to the 9th Annual Canadian National Proteomics Network Symposium 

On behalf of the Organizing Committee, it is a pleasure to welcome you to the Ninth 

Annual Canadian National Proteomics Network (CNPN) Symposium, “Next Generation 

Proteomics: Functional Organization of the Human Proteome”, in Toronto, Ontario, 

Canada at the Elm Street YWCA. 

CNPN is an organization dedicated to promoting modern proteomics research and 

training. In this spirit, we have assembled an outstanding slate of international keynote 

and plenary speakers, presenting a wide variety of cutting-edge research in proteomics 

and its many applications to biological research. 

 

Four thematic sessions - Computational Tools and Applications, Functional Proteomics, 

Clinical Proteomics and Mass Spectrometry Technologies and Methods - will capture a 

broad range of cutting-edge research in the field. 

 

A workshop on the popular proteomics LIMS/data analysis suite ProHits will be held 

immediately before the conference, and ongoing research will be highlighted in a poster 

session and reception at the Princess Margaret Cancer Centre on the evening of April 

18. 

 

In addition to the speaker and poster presentations, the symposium will also provide us 

the opportunity to honor Dr. Pierre Thibault, outgoing CNPN president and recipient of 

the 2017 CNPN distinguished research award. We will also acknowledge the 

contributions of future investigators during award ceremonies that will take place on 

April 19 and 20.  

 

While international in breadth and impact, this symposium is intended to engender a 

collegial spirit, where trainees and established researchers can engage in active 

discussions in a stimulating environment to foster new ideas, new ways of thinking, and 

new collaborations in proteomics research. 

Have a great meeting! 

 

Brian Raught and Thomas Kislinger 

Program co-chairs 

2017 CNPN Symposium 
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President's message 

Dear friends and colleagues, 

It is my great pleasure to welcome you to Toronto to participate in the 2017 CNPN 

meeting, which represents the ninth iteration of our annual event. Speaking for all of us 

involved with CNPN, past and present, we are especially glad to welcome so many 

students and post-doctoral fellows to the meeting. Your participation is key, and this 

meeting is to a great extent for your benefit. We hope the meeting nucleates 

collaborations and friendships, both of which are key drivers of scientific discovery and 
rewarding careers.  

CNPN was an idea hatched in 2008 in recognition of Canada's strengths and global 

opportunities in the fast-moving field of proteomics. Technical advances in proteomics 

technologies including mass spectrometry and methods to characterize protein 

interactions and modifications have continued at a frantic pace; so too have prospects 

for proteomics to positively impact diverse sectors including healthcare, environment, 

and agriculture just to name a few. Moreover, as we learn more about proteomes, we 

are drawn deeper into fundamental questions in biology. Funding agencies in Canada 

and abroad continue to remodel strategies and budgets for science. The annual CNPN 

meeting allows us to articulate the power of proteomics. Let it also remind us to keep 

striving to define great unanswered questions in biology, and to remain vigilant in 

advocating for each other and our field. Can we all agree, there is no better field of 
study than proteomics, and no better time than now?  

Lastly, a huge thank you to Brian Raught and Thomas Kislinger for organizing the 

meeting. We also thank our meeting sponsors for their generous financial support, and 

for their technical innovations and collaborations that enable our research and help 
advance the field of proteomics. Have a great meeting! 

 

Michael Moran 

President, CNPN 
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Oral Presentations 

YWCA Auditorium 

87 Elm Street 

 

 

 

 

 

 

 

 

 

 

 

 

Please join us next year for the tenth annual CNPN 

conference in beautiful Vancouver, B.C.
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Keynote Presentation 1 

Presenter:  Bernhard Küster, Chair of Proteomics and Bioanalytics, Technische 

Universitaet Muenchen 

Contact:  kuster@tum.de 

 

Title:   Building ProteomeTools based on a complete synthetic human proteome 

 

The ProteomeTools project builds molecular and digital tools inspired by the human 

proteome to facilitate biomedical and life science research. The basis for building such 

tools are 1.4 million individually synthesized peptides and their multimodal LC-MS/MS 

analysis. At present, the project has generated >330,000 synthetic tryptic peptides and 

many million very high quality tandem mass spectra representing essentially all 

canonical human gene products. We are currently producing peptide sets covering all 

protein isoforms, disease mutations, genomic variants and will synthesize several 

hundred thousand post-translationally modified peptides covering phosphorylation, 

ubiquitinylation, acetylation, and others. We have developed a retention time standard 

that allows mapping peptide identifications between thousands of LC-MS/MS runs. The 

acquired spectra enabled us to develop an algorithm that allows predicting HCD 

spectra of any tryptic peptides with good accuracy. The data also allowed to quality 

control spectral libraries and will in turn be used to generate spectral libraries for 

qualitative and quantitative analysis. Down the road, we plan to implement more 

intelligent data acquisition schemes that allow on-the-fly decision making. Importantly, 

all data will be shared with the community via ProteomicsDB and proteomeXchange 

and we are also encouraging the community to engage in the project by suggesting 

sets of peptides to synthesize and measure. 
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Plenary Presentation 1 

 
Presenter:  Nuno Bandeira, Center for Computational Mass Spectrometry, University 

of California, San Diego 
 
Contact:  bandeira@ucsd.edu 

 
Title:  Leveraging proteomics big data to reveal new proteins and post-
translational modifications 
 

Contributing Authors:  Mingxun Wang, Center for Computational Mass Spectrometry, University 

of California, San Diego; Laurence Bernstein, Center for Computational Mass Spectrometry, 

University of California, San Diego; Julie Wertz, Center for Computational Mass Spectrometry, 

University of California, San Diego; Seungjin Na, Center for Computational Mass Spectrometry, 

University of California, San Diego; Jeremy Carver, Center for Computational Mass 

Spectrometry, University of California, San Diego 

 

 

The long road to proteomics discovery starts with being able to determine that a 

specific protein or peptide are present in a sample of interest – a task that is currently 

poorly addressed when it comes to extensive protein coverage or the identification of 

post-translational modifications and polymorphic or endogenous peptides. 

Building on the growing availability of public mass spectrometry (MS) data, we 

implemented large scale searches of hundreds of millions of spectra in over 20 

terabytes of data from a range of human samples analyzed with various types of 

instruments, thus more than doubling the volume of annotations in public human data 

and increasing the number of peptide spectrum matches by over 10-fold. After 

application of proper community-scale controls for false discovery rates, these 

searches have revealed hundreds of new proteins for which proteomics evidence was 

previously not available, all of which are now included in a new community spectral 

library with 1.7 million precursors covering over 5 million amino acids in the human 

proteome. 

Beyond identification of common, mostly-unmodified peptides, we show how spectral 

alignment algorithms can improve the confidence of peptide identifications by several 

orders of magnitude and use these to reveal dozens of unexpected putative 

modifications supported by multiple highly-correlated spectra. These further show that 

protein regions can be observed in over 50 different variants with various combinations 

of post-translational modifications and cleavage events, thus suggesting that current 

coverage of proteome diversity (at ~1.3 variants per protein region) is far below what 

can be observed in experimental data. 

 

 

 



 7 

Abstract # 3754       Computational Proteomics 

Presenter:  Mathieu Lavallee-Adam, Assistant Professor, University of Ottawa 

Contact:    mathieu.lavallee@uottawa.ca 

Title:  TargetSeeker-MS: A Bayesian inference approach for drug target discovery 

using protein fractionation coupled to mass spectrometry 

Contributing Authors: Jolene K. Diedrich, Department of Chemical Physiology, The Scripps Research 

Institute and Mass Spectrometry Center, The Salk Institute for Biological Studies; Alexander Pelletier, 

Department of Chemical Physiology, The Scripps Research Institute; William Low, Mass Spectrometry 

Center, The Salk Institute for Biological Studies; Antonio F. M. Pinto, Mass Spectrometry Center, The 

Salk Institute for Biological Studies; Salvador Martinez-Bartolome, Department of Chemical Physiology, 

The Scripps Research Institute; Michael Petrascheck, Department of Chemical Physiology, The Scripps 

Research Institute; James J. Moresco, Department of Chemical Physiology, The Scripps Research 

Institute and Mass Spectrometry Center, The Salk Institute for Biological Studies; John R. Yates III, 

Department of Chemical Physiology, The Scripps Research Institute and Mass Spectrometry Center, The 

Salk Institute for Biological Studies 

 

Determining the affinity of a drug to its putative targets is critical to the understanding of 

its mechanism and to assess its clinical usefulness. Stability-based protein fractionation 

techniques, when coupled to mass spectrometry (MS), have shown great potential to 

identify drug targets on a proteome scale. These approaches support the hypothesis 

that the binding of a drug to a protein will change its stability. Nevertheless, the 

computational analyses associated with these techniques are rudimentary and tied to 

the experimental methods. We propose a novel Bayesian inference method named 

TargetSeeker-MS to identify drug targets in data produced using stability-based protein 

fractionation techniques coupled to MS. The algorithm builds quantified fractionation 

profiles for each protein and evaluates the significance of profile differences between 

untreated and drug-treated samples, thereby assessing drug-binding confidence. 

TargetSeeker-MS analyzed C. elegans protein lysate samples untreated and treated 

with benomyl, a fungicide. It identified several proteins with fractionation profiles that 

were significantly altered by benomyl, including aldehyde dehydrogenase, a known 

target. We demonstrate that TargetSeeker-MS is flexible and that its drug target 

identifications are reproducible in C. elegans samples that were processed using two 

different stability-based protein fractionation techniques (thermal shift assay and acetic 

acid-based separation). We also validate a novel benomyl target by measuring in vitro 

its enzymatic activity upon drug treatment. TargetSeeker-MS, which is available on the 

web, allows the confident identification of the targets of a drug on a proteome scale, 

thereby providing a better understanding of its mechanisms and the evaluation of its 

clinical viability. 
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Abstract # 3699       Computational Proteomics 

Presenter: James DR Knight, Lunenfeld Tanenbaum Research Institute 

Contact:    jknight@lunenfeld.ca  

 

Title:  ProHits-viz: a suite of web-tools for visualizing interaction proteomics data 

 

Contributing Authors: Hyungwon Choi, Saw Swee Hock School of Publich Health, National 

University of Singapore and National University Health System, Singapore; Brian Raught, 

Princess Margaret Cancer Centre; Alexey I Nesvizhskii, Depts Pathology, Computational 

Medicine and Bioinformatics, Univ. Michigan; Anne-Claude Gingras, Lunenfeld-Tanenbaum 

Research Institute 

 

Mass spectrometry-based approaches are now widely used for identifying protein-

protein interactions, but software tools to facilitate the interpretation and visualization of 

interaction data are limited.  Since pre-existing tools, such as Matlab and R, have a 

difficult learning curve and solutions generated with them can be problematic to port 

between individuals, we sought to develop web-accessible tools that utilize simple input 

formats and generate a variety of graphical outputs depending upon the experiment 

and needs of the user. We introduce a suite of web-tools (prohits-viz.lunenfeld.ca) that 

consists of four data analysis tools, complemented by two interactive viewers. Given a 

set of “bait” proteins with detected “prey” interactions, dot plots can be generated to 

display absolute abundance for the preys, relative abundance between baits, and 

confidence levels for the interactions. Prey specificity scores can be calculated for each 

bait and displayed as scatter plots alongside cellular abundance and gene expression 

data. Pairwise bait analyses can be performed displaying abundance and fold change 

differences. Lastly, heat maps displaying the correlation between preys can be 

generated to facilitate the assignment of proteins to potential complexes. A simple yet 

flexible input format that supports SAINT and CRAPome outputs can be used as input 

to any analysis tool. Generated images can be viewed interactively directly in the 

browser allowing zooming on specific regions of images, tailoring of image layout, as 

well as the ability to perform additional analysis, including protein domain visualization, 

ontology enrichment and visualization as a network in the context of reported 

interaction data. 
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Abstract # 3755       Computational Proteomics 

Presenter:  Robert Weatheritt, University of Toronto 

Contact:    robert.weatheritt@utoronto.ca  

 

Title:   The ribosome-engaged landscape of alternative splicing 

 

Contributing Authors:  Weatheritt RJ; Sterne-Weiler T; Blencowe BJ, Univ Toronto 

 

High-throughput RNA sequencing (RNA-seq) has revealed an enormous complexity of 

alternative splicing (AS) across diverse cell and tissue types. However, it is currently 

unknown to what extent repertoires of splice-variant transcripts are translated into 

protein products. Here, we surveyed AS events engaged by the ribosome. Notably, at 

least 75% of human exon-skipping events detected in transcripts with medium-to-high 

abundance in RNA-seq data were also detected in ribosome profiling data. 

Furthermore, relatively small subsets of functionally related splice variants are engaged 

by ribosomes at levels that do not reflect their absolute abundance, thus indicating a 

role for AS in modulating translational output. This mode of regulation is associated 

with control of the mammalian cell cycle. Our results thus suggest that a major fraction 

of splice variants is translated and that specific cellular functions including cell-cycle 

control are subject to AS-dependent modulation of translation output. 
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Abstract # 3704        Clinical Proteomics 

Presenter:  Vincent Huang, Ontario Institute for Cancer Research 

Contact:    vincent.huang@oicr.on.ca  

 

Title:   Comparative multi-omics analysis of intermediate risk prostate cancer 

 

Contributing Authors:  Ankit Sinha, Dept Medical Biophysics, Univ Toronto; Julie Livingstone, 

Informatics and Bio-computing Program, Ontario Institute for Cancer Research; Thomas 

Kislinger, Dept Medical Biophysics, Univ Toronto; Paul Boutros, Dept Medical Biophysics, Univ 

Toronto 

 

Precision medicine is dominated by studies that use whole genome sequencing, which 

leads to the identification of mutations and downstream suggestions on treatment 

options. However, genomic and transcriptomic information may not offer a complete 

perspective of a patient’s disease, and few studies address whether the inclusion of 

proteomic data would allow clinicians to make better and more informed decisions 

regarding patient care. To address these concerns, we analyzed genomic, epigenomic, 

transcriptomic, and proteomic data generated from 55 intermediate-risk prostate cancer 

patients from the Canadian Prostate Cancer Genome Network (CPC-GENE) project. 

Our results show that clustering patients based on highly variable protein groups yields 

four subgroups that differ from previously published DNA-based subgroups, and are 

associated with differential biochemical recurrence (BCR). Univariate survival analysis 

was performed on all identified proteins and their corresponding mRNA and few 

candidate genes were found to be informative at both RNA and protein level. Finally, 

machine learning was used to determine which biomolecule is best at predicting BCR in 

patients. Proteins outperformed all other data types at predicting BCR, and we found 

that combining both protein and RNA data led to the best predictive accuracy. Our 

findings show that proteomics complements other -omics data in stratifying prostate 

cancer patients, and is an underutilized repository of clinically useful features for 

precision medicine. 
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Plenary Presentation 2 

Presenter:   Anne-Claude Gingras, Lunenfeld-Tanenbaum Research Institute 

Contact:   gingras@lunenfeld.ca   

Title:     A physical map of a human cell 

Contributing Authors:  Christopher Go, Lunenfeld-Tanenbaum Research Institute; James D.R. 

Knight, Lunenfeld-Tanenbaum Research Institute; Ji-Young Youn, Lunenfeld-Tanenbaum 

Research Institute; Geoffrey Hesketh, Lunenfeld-Tanenbaum Research Institute; Wade H. 

Dunham, Lunenfeld-Tanenbaum Research Institute 

Compartmentalization is essential for all complex forms of life. In eukaryotic cells, 

membrane-bound organelles, as well as a multitude of protein- and nucleic acid-rich 

subcellular structures, maintain boundaries and serve as enrichment zones to promote 

and regulate protein function. Consistent with the critical importance of these 

boundaries, alterations in the machinery that mediate protein transport between these 

compartments is linked to a number of diverse diseases. Understanding the 

composition of each cellular “compartment” remains a challenging task. Classically, 

both microscopy and organellar purifications have been employed for identifying the 

composition of these structures, but these approaches have limitations, notably in 

resolution for standard high-throughput fluorescence microscopy and in the difficulty in 

purifying some of the structures (e.g. p-bodies) for approaches based on biochemical 

isolations.   

Prompted by the recent implementation in vivo biotinylation approaches such as BioID, 

we report here the systematic mapping of the composition of various subcellular 

structures, using as baits proteins that are well-characterized markers for a specified 

location. We defined how relationships between “prey” proteins detected through this 

approach can help understanding the protein organization inside a cell. We will discuss 

our low-resolution map of a human cell containing major organelles and non-membrane 

bound structures, but also a higher resolution map of RNA-containing cellular 

structures, including the p-bodies and the stress granules that regulate mRNA stability. 

This will be presented alongside new computational resources that will help the 

scientific community to make use of our dataset. 
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Abstract # 3702       Functional Proteomics 

Presenter:  Peter Kubiniok, Institute for Research in Immunology and Cancer (IRIC), 

Université de Montréal 

Contact:    peterkubiniok@gmail.com  

 

Title: Chemical proteomics unravel how sphingolipid derived small molecules 

alter protein phosphatase 2A activity and starve cancer from the inside and 

out 

Contributing Authors: Tricia Nguyen, Dept Developmental and Cell Biology, School of Biological 

Sciences, University of California, Irvine; Michael Perryman, Dept Chemistry, Université de 

Montréal; Steve Hanessian, Dept Chemistry, Université de Montréal; Aimee Edinger, Dept 

Developmental and Cell Biology, School of Biological Sciences, University of California, Irvine; 

Pierre Thibault, Institute for Research in Immunology and Cancer, Dept Chemistry, Université 

de Montréal 

 

A set of small molecules based on sphingolipid structures have been reported to impair 

nutrient transport pathways, and offer a novel and effective strategy to kill cancer cells 

by starving them to death (Chen et al., ACS Chem. Biol. 2015). Compound SH-BC-893 

impedes nutrient uptake as a result of phosphatase 2A (PP2A) activation. To 

understand the mechanism by which PP2A activation induces starvation, we set out to 

identify protein targets of SHBC893 using chemical proteomics. Chemoproteomics 

assays were based on incubation of cell lysates with compound SHBC893 or inactive 

derivatives crosslinked to agarose beads. Inactive derivatives were generated by 

modifying functional groups of SHBC893 to identify which of these groups interact with 

target proteins. Proteins were digested on beads using trypsin and analyzed by mass 

spectrometry. Metabolic labeling (SILAC) was used for quantitation. LC-MS/MS 

analysis was performed on a LTQ Orbitrap Fusion. Data were analyzed using 

Maxquant and R (www.r-project.org). Chemoproteomics assays identified five direct 

targets of compound SH-BC-893, all of which are nuclear transport proteins 

(karyopherins) containing armadillo repeats. Inactive molecules resolved interaction of 

kayopherins and SH-BC-893 to rely on a positively charged head group. The five target 

proteins are known to associate with certain PP2A trimers, thus explaining the PP2A 

activating properties of SH-BC-893. Our data depicts indirect binding of SH-BC-893 to 

one PP2A subunit (Ppp2r1a), likely through karyopherins. In addition, we show 

cytoplasmic accumulation and resulting activation of PP2A following treatment with SH-

BC-893 in vivo. These data present a novel angle of PP2A activation by targeting 

karyopherins. 



 13 

Abstract # 3706       Functional Proteomics 

Presenter: Marie Brunet, Université de Sherbrooke 

Contact:    marie.brunet@usherbrooke.ca  

 

Title:  Large-scale proteomic analysis of alternative open reading frames reveals 

a new player in ALS: altFUS encoded within FUS gene 

 

Contributing Authors:  Vivian Delcourt, Université de Sherbrooke, INSERM U1192, PRISM, 

Lille; Jean-Francois Jacques, Université de Sherbrooke; Xavier Roucou, Université de 

Sherbrooke 

 

An ever-growing number of studies demonstrate the functional importance of peptides 

encoded in alternative open reading frames (altORFs). Here, we analyzed large-scale 

mass spectrometry (MS) and ribosome profiling published data with our database of 

predicted peptides from altORFs. We annotated hundreds of novel peptides, notably 

one within FUS gene (altFUS) which endogenous expression was further validated 

using a custom antibody. Many neurodegenerative diseases, such as Amyotrophic 

Lateral Sclerosis (ALS), are caused by mutations within FUS gene. Two pathological 

hallmarks are mitochondrial dysfunction and cytoplasmic accumulation of the otherwise 

nuclear FUS protein. However, the mechanisms behind it remain unknown. Hence, 

could altFUS, small protein encoded in an altORF of FUS gene, be involved in ALS? 

 

AltFUS is conserved through 100 species and localizes at the mitochondria. Its over-

expression alters mitochondrial dynamics and potentiates FUS nucleo-cytoplasmic 

shuttling, as observed in ALS. Mitochondrial extracts’ size exclusion chromatography 

followed by AP-MS identified altFUS interactome, notably a modulator of mitophagy 

and mitochondrial dynamics (PGAM5). Interestingly, ALS-linked FUS mutations lead to 

an inhibition of macroautophagy, which can be rescued by silencing altFUS.  Moreover, 

some severe ALS-linked FUS mutations display an up-regulation of altFUS expression. 

AltFUS, discovered through functional proteomics, is a novel mitochondrial protein 

driving pathological FUS cytoplasmic accumulation, autophagy regulation and 

mitochondrial dysfunction. Here we thus demonstrate FUS gene encodes two 

functional proteins, a large one (FUS) and a small one (altFUS); both are involved in 

ALS. Future work will look at altFUS in ALS animal models and its dysregulation in 

other types of ALS. 
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Abstract # 3718       Functional Proteomics 

Presenter:  Theo Klein, University of British Columbia, Centre for Blood Research 

Contact:    theo.klein@ubc.ca 

 

Title:   TMT-TAILS to study loss and chemical biological restoration of function of 

mutant MALT1 function in patient lymphocytes 

 

Contributing Authors:  Shane Fung, Child & Family Research Institute; Florian Renner, Novartis 

Institutes for BioMedical Research; Frederic Bornancin, Novartis Institutes for BioMedical 

Research; Michael Blank, Thermo; Rosa Viner, Thermo; Jean Quancard, Novartis Institutes for 

BioMedical Research; Catherine Régnier Novartis Institutes for BioMedical Research; Stuart 

Turvey, Child & Family Research Institute; Chris Overall, University of British Columbia 

 

We used B lymphocytes obtained from the only living patient in the world with a loss-of-

function W/S mutation in MALT1 for an unbiased investigation into the role of MALT1 

paracaspase activity in immunodeficiency. We utilized 10-plex TMT-TAILS N-terminal 

peptide proteomics for deep proteomic analysis of patient cells vs healthy brother and 

mother heterozygous cells after stimulation with PMA/ionomycin. After TAILS 

enrichment of N-terminal peptides, samples were analyzed on a nanoLC-Orbitrap 

Fusion platform and data was analyzed through proteome discoverer with a Byonic 

search node. We identified 7,498 unique N-terminal sequences in 3,173 proteins and 

discovered HOIL1, a part of the linear ubiquitination complex LUBAC as a novel 

substrate of MALT1. Cleavage of HOIL1 led to release of C-HOIL1, reducing linear 

ubiquitination, thus removing the permissive linear ubiquitin scaffold required for NF-

kappaB signal initiation. We used a small molecule chemical modifier specifically 

targeting the site of mutation to restore protein stability and NF-kappaB signaling in 

patient cells, and used TMT-TAILS to probe the kinetics of the compound on cleavage 

of HOIL1. 
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Abstract # 3729       Functional Proteomics 

Presenter:  Mohan Babu, University of Regina 

Contact:    mohan.babu@uregina.ca  

 

Title:   A human mitochondrial protein interaction map linked to 

neurodegeneration reveals new molecular determinants in NF-kB signaling 

 

Contributing Authors:  Ramy Malty; Hiroyuki Aoki; Mohan Babu, Dept Biochemistry, Univ 

Regina 

 

Mitochondrial protein (MP) dysfunction has been linked to neurodegenerative disorders 

(NDs),however, the discovery of molecular mechanisms underlying NDs has been 

impeded by the limited characterization of interactions governing MP function. Using 

210 affinity-purified mitochondrial fractions isolated from 27 epitope-tagged human ND-

linked MPs in HEK293 cells coupled with mass spectrometry (MS), we report a high-

confidence MP network involving 1,971 interactions among 774 proteins (>90% 

previously unreported). Nearly half of these interactions were confirmed in differentiated 

neuronal cells by primary antibody immunoprecipitation andMS, with many linked to 

NDs. We establish a new functional role for ND-linked factors coupled with IkB in NF-

kB activation. Our results identify new mechanisms for MPs with direct consequences 

for human disease, and expands the interaction landscape of human mitochondria. 
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Abstract # 3707       Functional Proteomics 

Presenter:   Alison Casey, Princess Margaret Cancer Centre 

Contact:    alisonelisabethcasey@gmail.com  

 

Title:   Mammary epithelial proteomes provide new insight into stem and 

progenitor function 

 

Contributing Authors:  Ankit Sinha, Princess Margaret Cancer Centre; Paul Waterhouse, 

Princess Margaret Cancer Centre; Rajat Singhania, Princess Margaret Cancer Centre; Julie 

Livingstone, Ontario Institute for Cancer Research; Pirashaanthy Tharmapalan, Princess 

Margaret Cancer Centre; Jennifer Cruickshank, Princess Margaret Cancer Centre; Swneke 

Bailey, Princess Margaret Cancer Centre; Tiago Medina, Princess Margaret Cancer Centre; 

Genevieve Deblois, Princess Margaret Cancer Centre; Yu-Jia Shiah, Ontario Institute for 

Cancer Research; Dalia Barsyte-Lovejoy, Structural Genomics Consortium; Mathieu Lupien, 

Princess Margaret Cancer Centre; Cheryl Arrowsmith, Structural Genomics Consortium; Stefan 

Knapp, Structural Genomics Consortium; Paul C. Boutros, Ontario Institute for Cancer 

Research; Daniel De Carvalho, Princess Margaret Cancer Centre; Hal Berman, Princess 

Margaret Cancer Centre; Thomas Kislinger, Princess Margaret Cancer Centre; Rama Khokha, 

Princess Margaret Cancer Centre 

 

Mammary epithelial cells exhibit different lineage characteristics, functional capabilities 

and response to sex hormones. Defining the composition of these cells, along with 

factors that govern adult stem and progenitor function, is of considerable interest. 

Transcriptomic analyses have provided insight into mammary gland biology and cancer 

risk, however RNA is not the final level of gene expression. Here we define the 

proteomic landscape of primary basal, luminal progenitor and hormone receptor-

positive luminal cells to a depth of 4672 proteins. Integration of murine basal and 

luminal proteomes with matching transcriptomes and epigenomes demonstrates poor 

correlation between RNA and protein abundance and a likely role for DNA methylation 

in regulating transcription factor binding. By pairing comparative proteomics with 

extensive target validation, drug testing and functional assays, we show that key 

epigenetic proteins exhibit lineage-specific expression and modulate stem and 

progenitor activity. We further demonstrate that DAC, SAHA and JQ1 inhibit hormone-

driven mammopoiesis in vivo.   
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Abstract # 3743       Functional Proteomics 

Presenter:   Amber Couzens, Lunenfeld-Tanenbaum Research Institute 

Contact:    couzens@lunenfeld.ca  

 

Title:  MOB1 mediated phospho-recognition in the core mammalian Hippo 

pathway 

 

Contributing Authors:  Shawn Xiong, Lunenfeld-Tanenbaum Research Institute; James D.R. 

Knight, Lunenfeld-Tanenbaum Research Institute; Daniel Y. Mao, Lunenfeld-Tanenbaum 

Research Institute; Sebastian Guettler, Lunenfeld-Tanenbaum Research Institute; Sarah 

Picaud, Structural Genomics Consortium, University of Oxford; Igor Kurinov, NE-CAT APS, 

Argonne National Lab; Panagis Filippakopoulos, Structural Genomics Consortium, University of 

Oxford; Frank Sicheri, Lunenfeld-Tanenbaum Research Institute; Anne-Claude Gingras, 

Lunenfeld-Tanenbaum Research Institute 

 

The Hippo pathway regulates organ size and tissue homoeostasis in response to 

diverse signaling inputs. The core pathway consists of a short kinase cascade: MST1 

and MST2 phosphorylate and activate LATS1 and LATS2, which in turn phosphorylate 

and inactivate key transcriptional co-activators, YAP1 and TAZ. The MOB1 adapter 

protein regulates both phosphorylation reactions firstly by binding to the upstream MST 

and downstream LATS kinases to enable the trans phosphorylation reaction, and 

secondly by allosterically activating the catalytic function of LATS kinases to directly 

stimulate phosphorylation of YAP and TAZ.Employing proteomics, peptide arrays and 

biochemical analyses, we examine the phosphopeptide binding specificity of MOB1 and 

find it to be highly complementary to the substrate phosphorylation specificity of MST1 

and MST2. We demonstrate that autophosphorylation of MST1 and MST2 on several 

threonine residues provides multiple MOB1 binding sites with varying binding affinities, 

which in turn contribute to a redundancy of MST1-MOB1 protein interactions in cells. 

Furthermore, we quantitatively assess how phosphorylation of MOB1 regulates its 

interaction with both MST kinases and LATS/NDR family kinases in vitro.  Our previous 

interaction proteomics analysis revealed that beyond associating with MST1 and MST2, 

MOB1 can associate in a phosphorylation-dependent manner with at least two other 

signaling complexes, DOCK6-8 and the other containing the serine/threonine 

phosphatase PP6. Using interaction proteomics, we validate the significance of our in 

vitro studies and also discover that the phosphorylation-dependent recruitment of PP6 

phosphatase and DOCK6-8 protein complexes differ in key respects from that 

elucidated for MST1 and MST2. 
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Abstract # 3750       Functional Proteomics 

Presenter:   Etienne Coyaud, Princess Margaret Cancer Centre 

Contact:    coyaud@gmail.com  

 

Title:   Interactomics uncovers extensive organellar targeting by Zika virus  

 

Contributing Authors: Charlene Ranadheera, Public Health Agency of Canada, Zoonotic 

Diseases and Special Pathogens Program; Derrick Cheng, Sick Kids Hospital; Joao Goncalves, 

Lunenfeld-Tanenbaum Research Institute; Boris Dyakov, Lunenfeld-Tanenbaum Research 

Institute; Estelle M.N. Laurent, Princess Margaret Cancer Centre; Laurence Pelletier, 

Lunenfeld-Tanenbaum Research Institute; Anne-Claude Gingras, Lunenfeld-Tanenbaum 

Research Institute; John Brumell, Sick Kids Hospital; Peter Kim, Sick Kids Hospital; David 

Safronetz,  Public Health Agency of Canada, Zoonotic Diseases and Special Pathogens 

Program and Brian Raught, Princess Margaret Cancer Centre
 

 

Zika virus (ZIKV) represents a serious global health concern, as its geographical range 

has expanded and infection has been linked to Guillain-Barré syndrome and 

microcephaly. Here we map host cell protein interaction profiles for the ten polypeptides 

encoded in the ZIKV genome, generating a protein topology network comprising 1912 

interactions amongst 1138 unique human polypeptides. The interactome is significantly 

enriched in proteins with roles in polypeptide folding and protein quality control, vesicle 

trafficking, lipid metabolism and RNA processing, and includes hundreds of new 

putative Flavivirus functional partners. Mining this rich dataset, we highlight several 

examples of how ZIKV may usurp or disrupt the function of intracellular organelles, and 

uncover an important role for peroxisomes in ZIKV infection. 
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Plenary Presentation 3 

Presenter: Judith Steen, Boston Children’s Hospital 
 
Contact:  judith.steen@childrens.harvard.edu 

 

 
Title:  Molecular pathology of tauopathies 

Tauopathies are a heterogeneous class of neurodegenerative diseases characterized by 

pathological aggregates of tau protein. Due to the complexity of the diseases and the overlap of 

the pathological as well as clinical phenotypes, early diagnoses can be challenging and 

furthermore approved treatments for dementia are lacking. Our work aims 1) to understand the 

molecular nature of various tauopathies to facilitate drug-development in dementia 2) to 

develop directed proteomic techniques/biomarkers/ platforms for early diagnosis, patient 

stratification and drug prediction. Towards these aims, we performed both directed and global 

proteomic profiling to comprehensively evaluate protein abundances in the angular gyrus 

(BA39) region of FTD postmortem brain samples compared to healthy controls. The labeling-

based quantitative proteomic analysis of post-mortem human brain tissue samples resulted in 

the identification 10,000+ proteins, providing a comprehensive map of the angular gyrus (BA39) 

proteome and the tauopathy-associated changes. This map identified numerous druggable 

pathways that showed dysregulation in a tauopathy specific manner. Similarly, the mapping of 

the sarkosyl insoluble fraction provided unprecedented insights into the protein composition of 

the tau aggregates. Amongst the top 20 proteins enriched in the AD were the well 

characterized AD-associated proteins such Amyloid beta 4, serum amyloid P component and 

S100A-4, validating our analytical strategy. Proteins changing in AD were predominately 

associated with RNA processing and splicing, immune system and protein phosphorylation 

pinpointing to novel pathways that may be involved in AD. Our FLEXITau study discovered and 

quantified 70+ of PTMs on Tau from primary human samples; over 60% of these PTMs have 

not previously been described as occurring in vivo on human Tau. Furthermore, this analysis 

identified tauopathy specific modification patterns that i) allow for the objective differentiation of 

the various tauopathies, and ii) provides insight into tauopathy specific target candidates for 

immunotherapies. The results of this FLEXITau study clearly demonstrate distinct profiles of 

post-translational modifications on Tau for each of these tauopathies relative to Tau in the 

control group. FLEXITau enables the identification of modifications distinct to each disease that 

will be useful for patient stratification and enables the identification of therapeutic epitopes that 

should be targeted in each disease. 
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Abstract # 3763        Clinical Proteomics 

Presenter:  Premkumari Kumarathasan, Health Canada 
Contact:    premkumari.kumarathasan@canada.ca 

 

Title:  Exposure of healthy subjects in the neighborhood of a point-source 

emission and perturbations in markers of inflammatory and vascular 

mechanisms 

 
Contributing Authors: R. Vincent; E. Blais; A. Bielecki; K. Blank; E. Thomson; S. Cakmak; O. 

Brion; R. Shutt; L. M. Kauri; M. Mahmud; L. Liu; R. Dales, Environmental Health Science and 

Research Bureau, Environmental and Radiation Health Sciences Directorate, HECSB, Health 

Canada 
  

Elevated air pollution levels are associated with increased hospital admissions for 

cardiorespiratory diseases. Particle exposures are recently linked to obesity, 

neurocognitive, and reproductive effects. Furthermore, physicochemical characteristics 

of ambient air particles can vary based on source emission contributions and 

atmospheric transformation. The mechanistic basis for ambient or source emission 

particle toxicity is unclear. In this study, healthy volunteers who spent five days near a 

steel plant (Bayview site, “with” or “without” mask) or at a well-removed College site 

were tested for plasma and saliva target markers of biological effects (multiplex protein-

array, HPLC-Fluorescence, EIA and ELISA). Statistical associations between air 

pollutant levels, exposure conditions, plasma/saliva biomarkers and physiological 

parameters were tested.  Protein interaction network analysis was done by Ingenuity 

pathway analyses.  

CO (carbon monoxide), SO2 (sulfur dioxide) and UFP (ultrafine particles) levels on the 

Fridays of the exposure week were higher at Bayview site compared to College site.  

Increased CO, UFP and SO2 were associated (p<0.05) with inflammation (e.g. 

proinflammatory cytokines) or vascular function (e.g endothelins)-related markers. 

Biomarker profiles of the subjects at the Bayview site suggested inflammatory and 

vascular effects.  Furthermore, plasma markers of vascular function were associated 

with changes in blood pressure and heart rate.  Protein interaction networks with 

highest scores exhibited Th1-related responses after exposure at the Bayview site 

“with” mask, while Th2-related responses were associated with exposures at this site 

“without” mask.  In this respect, the use of mask appeared to offer some protection from 

air pollution-related effects. These findings reveal that proteomic markers can be a 

valuable tool to gain insight into source emission exposure-related toxicity mechanisms. 
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Abstract # 3700        Clinical Proteomics 

Presenter:   Ankit Sinha, University of Toronto 

Contact:    ankit.sinha@mail.utoronto.ca 

 

Title:   An integrated proteomic approach for identifying candidate markers for 

ovarian cancer recurrence 

Contributing Authors: Ali Hussain, University of Toronto, Department of Medical Biophysics; Kwan Ho 

Tang, Perlmutter Cancer Center, NYU Langone Medical Center; Vladimir Ignatchenko, Princess 

Margaret Cancer Centre, University Health Network, Toronto; Alexandr Ignatchenko, Princess Margaret 

Cancer Centre, University Health Network; Blaise Clarke, Princess Margaret Cancer Centre, University 

Health Network; Marcus Bernardini, Princess Margaret Cancer Centre, University Health Network; 

Benjamin G. Neel, Perlmutter Cancer Center, NYU Langone Medical Center; Laurie Ailles, Princess 

Margaret Cancer Centre, University Health Network; Thomas Kislinger, Princess Margaret Cancer 

Centre, University Health Network 

 

High grade serous ovarian cancer (HGSOC) is the most common and most aggressive 

epithelial ovarian cancer. Although surgical debulking and chemotherapy have 

improved survival rates, most patients experience relapse within 5 years of diagnosis 

and eventually succumb to their disease. The biomarker, CA-125 (a member of the 

Mucin family of glycoproteins) is used for monitoring response to treatment and cancer 

recurrence. Here we utilized patient derived xenografts (PDX) to identify candidate 

tumour secreted proteins, and subsequently evaluated the performance of these 

candidates in longitudinally collected serum from HGSOC patients.We used PDX 

models established from recurrence HGSOC tumours (n = 12) as a source for tumour 

tissue and tumour serum, and serum from un-engrafted mice as negative control. 

Subsequently, all three samples were enriched for N-glycosylated peptides, followed by 

shotgun proteomic analyses. Species assignment was performed to identify peptides of 

human origin. The comparison of the three types of samples revealed 351 N-

glycosylated proteins detected exclusively in the xenograft tumour and serum, including 

the current biomarker CA-125. We selected 392 peptides from our shotgun proteomic 

data and obtained isotope labelled standards for the development of scheduled Parallel 

Reaction Monitoring Mass Spectrometry assays. Subsequently, validation of all targets 

was performed in sera collected from ten HGSOC patients (with available CA-125 

measurements) at five time points of cancer progression (diagnosis, post surgery, 

during chemotherapy, post chemotherapy, recurrence) for each patient. Our goal is to 

identify targets that demonstrate improved sensitivity compared to CA125. 
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Abstract # 3727        Clinical Proteomics 

Presenter:   Emily McGaugh, University of Toronto 

Contact:    emily.mcgaugh@mail.utoronto.ca  

 

Title:   Glycocapture proteomics identify FGFR3 as a an inhibitor of pancreatic 

progenitor differentiation using human embryonic stem cells 

 

Contributing Authors:  Ankit Singa, Department of Medical Biophysics, University of Toronto; 

Katy Cogger, Toronto General Research Institute and McEwen Centre for Regenerative 

Medicine; Thomas Kislinger, Department of Medical Biophysics, University of Toronto and 

Princess Margaret Cancer Centre /UHN Toronto; Maria Cristina Nostro, Toronto General 

Research Institute and McEwen Centre for Regenerative Medicine and Department of 

Physiology, University of Toronto 

 

Human pluripotent stem cells can be differentiated to PDX1+/NKX6-1+ pancreatic 

progenitor (PP) cells in vitro, however this is cell line dependent and efficiency ranges 

between 30-95%. PPs can be differentiated to insulin producing beta-like cells in vitro, 

offering a potential therapy for type 1 diabetes. The goal of my project is to identify 

markers to isolate and expand PPs in order to obtain a safe and scalable population of 

cells. Following a glycoprotein enrichment, a mass spectrometry analysis was 

performed to compare changes in the N-linked glycosylated proteome of 

undifferentiated hESC, hESC-derived PPs, and hESC-derived polyhormonal cells, cells 

that are NKX6-1- and will not differentiate to beta -cells in vivo. Amongst others, the 

analysis identified the fibroblast growth factor family receptor (FGFR3) as a specific 

marker of PPs, and expression was validated at both the protein and transcript levels 

by qPCR and flow cytometry analysis. FGFR3 expression was evaluated at each stage 

of PP differentiation. FGFR3 peaks at the posterior foregut stage and increases as cells 

commit to PDX1+NKX6-1+ PPs. Fgfr3 plays a role in a variety of tissues, including the 

pancreas, where its absence/inhibition is linked to murine pancreatic epithelium 

expansion. Following treatment of hESC-derived posterior foregut equivalent cells with 

FGFR3 ligands (FGF2 and FGF4) we observed a decrease in the percentage of 

derived PPs compared to no FGF treatment. Therefore, I hypothesize that specific 

inhibition of FGFR3 could be used to expand the PP population. Future studies will test 

this hypothesis using chemical compounds and genetic knockout approaches. 
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Plenary Presentaion 4 

Presenter:  Christine Vogel, New York University 

Contact:    cv31@nyu.edu 

 

Title:   The ups and downs of protein expression regulation 

 

Gene expression is regulated by four major processes: transcription, translation, and 

RNA and protein degradation. These processes are adjusted, in different ways, when 

the cells respond to a stimulus. Many pathways are known, but their precise interaction 

over time is not well understood. In our lab, we use multiple time series datasets — on 

protein and mRNA expression changes and changes in the binding of ribosomes and 

other proteins — in combination with mass action models and other approaches to 

disentangle the contributions of the different levels of regulation and generate 

hypotheses on regulatory mechanisms.  We focus on yeast and mammalian cells 

responding to stress of the endoplasmic reticulum, but have expanded these studies in 

a variety of directions. 
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Abstract # 3749      Mass Spectrometry Technologies 

Presenter:   Vivian Delcourt, Université de Sherbrooke 

Contact:    vivian.delcourt@USherbrooke.ca  

 

Title:   Parallel reaction monitoring deciphers the stoichiometry of two distinct 

proteins coded by the human dual-coding gene MIEF1 

Contributing Authors:  M. Brunelle, Département de Biochimie, Université de Sherbrooke; Annie 

V. Roy, Département de Biochimie, Université de Sherbrooke; Isabelle Fournier, INSERM 

U1192 PRISM, Université Lille 1; Xavier Roucou, Département de Biochimie, Université de 

Sherbrooke 

 

According to conventional genome annotations in eukaryotes, mRNAs have one coding 

sequence (CDS), which is generally the longest open reading frame (ORF). Yet, recent 

advances in mass spectrometry (MS) based proteomics and ribosome profiling 

demonstrate the translation of non-annotated short ORFs (sORF), which may be 

localized in 5’ and 3’UTRs, or overlapping the CDS in a different frame. The resulting 

proteins are not isoforms but novel proteins. These studies highlight that numerous 

genes could be multi-coding. To better understand the translational output from multi-

coding genes, there is a need to not only identify the different proteins but also 

measure their stoichiometry. Previously, we have shown that the human gene MIEF1 

encodes two proteins: the 463 amino acids MiD51 and the 70 amino acids altMiD51 

proteins. AltMiD51 CDS is localized in the 5’UTR of the canonical MIEF1 mRNA. Both 

proteins functionally cooperate for the balance of mitochondrial dynamics, notably 

inducing fission. Here, we thus investigate the MiD51/altMiD51 stoichiometry. 

Proteotypic peptides of both proteins were determined by immunoprecipitation of GFP-

tagged constructs and data-dependent MS. Parallel reaction monitoring (PRM) 

validated endogenous expression of the peptides. Absolute quantification and 

stoichiometry elucidation were achieved using labelled AQUA peptides and PRM in 

several biological samples. Thereby, we demonstrate that altMiD51 is 3 to 6 times more 

abundant than the annotated MiD51 protein in human cell lines and tissues. These 

results not only call attention to thus far overlooked sORFs, but also emphasize the 

need to revisit human genome and proteome annotations.  
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Abstract # 3715      Mass Spectrometry Technologies 

Presenter:   Evgeny Kanshin, University of Montreal 

Contact:    kanshinED1@gmail.com  

 

Title:   A combined enrichment/enzymatic approach to study phosphoproteomics 

dark matter 

 

Contributing Authors:  Mirela Pascariu, University of Montreal; Mike Tyers, University of 

Montreal; Damien D’Amours, University of Montreal; Pierre Thibault, University of Montreal 

 

The regulation of protein function through phosphorylation is often dominated by 

allosteric interactions and conformational changes. However, phosphorylation of 

clusters of poorly conserved Ser/Thr residues could affect protein-membrane/nucleic 

acids interactions by pure electrostatic forces. Currently, only a few examples of such 

mechanism are reported, primarily because of the corresponding polyphosphorylated 

peptides are difficult to detect by mass spectrometry (MS). This is partly due to the low 

ionization efficiency and fragmentation yield of polyphosphorylated peptides in positive 

ion mode which lead to an under-representation of these peptides that we refer here as 

"phosphoproteomics dark matter." Here, we present a novel approach that enriches 

highly phosphorylated peptides and facilitates their identification by MS. Our technique 

allowed unbiased identification of polyphosphorylated regions on more than 300 

proteins in both yeast and human cells. Our results revealed a similar extent of 

regulation for mono- and polyphosphorylated peptides.  Proteins regulated by 

polyphosphorylation were highly complementary to the proteins regulated by changes 

in a single phosphosite. This approach can thus measure variations in the biological 

regulation of "phosphoproteomic dark matter," not typically accessible by conventional 

phosphopeptide enrichment strategies. These data highlight a new experimental 

workflow for large-scale and unbiased detection of polyphosphorylated proteins and will 

facilitate the study of Ser-rich proteins that mediate interactions with binding partners 

through charge pairing. 
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Abstract # 3711      Mass Spectrometry Technologies  
Presenter:  Dr. Andrei Drabovich, University of Toronto 

Contact:  andrei.drabovich@utoronto.ca  

 

Title:  Proteogenomic measurements identify a damaging variant associated with 

idiopathic male infertility through degradation of TEX101 protein and its 

interactome 

 

Contributing Authors:  Christina Schiza; Eleftherios Diamandis; Keith Jarvi 

 

TEX101 is a testis-specific cell surface protein expressed exclusively in the male germ 

cells and is a validated biomarker of male infertility (BMC Medicine 2017, 15, 60). 

Molecular function of human TEX101 is not known, but it was suggested to act as a cell 

surface chaperone which regulates through protein-protein interactions maturation of 

proteins involved in sperm-egg fusion and fertilization. Since in vitro cell line models of 

human germ cells are not available, we opted to study TEX101 interactome in testicular 

tissues and spermatozoa of healthy fertile men and male infertility patients. Using 

genotyping and proteomic assays, we discovered a damaging missense variant 

rs35033974 which induced a near-complete degradation (>97%) of the corresponding 

variant G99V TEX101 protein in spermatozoa. Spermatozoa of rs35033974 

homozygous patients were thus used as a knockdown model to identify functional 

interactome of TEX101. Global proteomic profiling of spermatozoa from four wildtype 

(confirmed healthy fertile) versus four homozygous (confirmed idiopathic infertile) men 

quantified more than 8,000 proteins and revealed significantly reduced levels of cell 

surface proteins involved in sperm migration and sperm-oocyte fusion, including LY6K, 

SPAM1 and SPACA3 proteins. To conclude, our study revealed that a common 

homozygous variant rs35033974 of TEX101 (~0.7% frequency in the general 

population) may be associated with idiopathic male infertility, and that the damaging 

effect of this variant is exerted through degradation of TEX101 protein and its 

interactome. Collectively, our findings may facilitate diagnostics of idiopathic male 

infertility and provide a rational selection of the most effective assisted reproduction 

treatments. 
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Abstract # 3698      Mass Spectrometry Technologies 

Presenter:  Jiefei Tong, Program in Cell Biology, Hospital for Sick Children 

Contact:    jiefei.tong@sickkids.ca  

 

Title:   Protein-phosphotyrosine proteome profiling by superbinder-SH2 domain 

affinity purification mass spectrometry, sSH2-AP-MS 

 

Contributing Authors:  Biyin Cao, Dept Pharmacology, College of Pharmaceutical Sciences, 

Soochow University; Gregory D. Martyn, Dept Molecular Genetics, Univ Toronto;
 
Jonathan R. 

Krieger, Hospital for Sick Children
;
 Paul Taylor, Hospital for Sick Children and SPARC 

BioCentre; Bradley Yates, Banting and Best Dept Medical Research, Donnelly Centre, Univ 

Toronto
;
 Sachdev S. Sidhu, Banting and Best Dept of Medical Research, Donnelly Centre, Univ 

Toronto
;
 Shawn S.C. Li, Dept Biochemistry and Siebens-Drake Medical Research Institute, 

Schulich School of Medicine and Dentistry, Unive Western Ontario; Xinliang Mao, Dept 

Pharmacology, College of Pharmaceutical Sciences, Soochow University; Michael F. Moran, 

Program in Cell Biology, Hospital for Sick Children and Dept Molecular Genetics, Univ Toronto 

 

Recently, “superbinder” SH2 domain variants with three amino acid substitutions 

(sSH2) were reported to have 100-fold or greater affinity for protein-phosphotyrosine 

(pY) than natural SH2 domains.  Here we report a protocol in which His-tagged Src 

sSH2 efficiently captures pY-peptides from protease-digested HeLa cell total protein 

extracts.  Affinity purification of pY-peptides by this method shows little bias for pY-

proximal amino acid sequences, comparable to that achieved by using antibodies to 

pY, but with equal or higher yield. Superbinder-SH2 affinity purification mass 

spectrometry (sSH2-AP-MS) therefore provides an efficient and economical approach 

for unbiased pY-directed phospho-proteome profiling without the use of antibodies.  
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2017 CNPN – Tony Pawson Proteomics Award Winner  

Dr. Pierre Thibualt 

for his outstanding contributions to and leadership of the Canadian proteomics 

community 

We are pleased to announce the 2017 recipient of the CNPN – 

Tony Pawson Award, Dr. Pierre Thibault of the Institute for 

Research in Immunology and Cancer, University of Montréal. 

This prize recognizes remarkable achievement in the 

fundamental understanding and/or practice of proteomics in 

biological sciences. Dr. Thibault is a world-renowned 

bioanalytical chemist who has specialized in the use of mass 

spectrometry and protoemics to elucidate complex biological 

responses across a diverse range of systems. In his 

distinguished career working in government, industry and academia, Dr. Thibault has 

developed and applied highly innovative technological approaches that have 

revolutionized the use of MS in biology and biomedical research. 

 

Award Lecture 

Proteome dynamics – Biological insights from time-resolved proteomics 

Dynamic changes of the proteome enable cells to rapidly adapt to environmental 

perturbations. The complex landscape of protein interactions that governs cell response 

also involves a signaling network that changes in both time and space. Over the past 

decade, technological advances in both affinity chromatography and mass 

spectrometry have provided opportunities to interrogate proteome dynamics of cells 

and organisms with unprecedented depth. For example, we developed methods that 

facilitated the large-scale profiling of protein phosphorylation to dissect cell signaling 

events and correlate the interactions between kinases, phosphatases and their 

substrates with sub-minute time resolution.  In this retrospective account, we examine 

the merits of mass spectrometry-based quantitative proteomics to profile the dynamic 

changes of cell surface antigens and protein modifications to provide new insights into 

systems immunology and cell signaling in response to environmental stimulations. 

 

 

!
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Keynote Presentation 2 

Presenter:  Albert J. R. Heck, Utrecht University and Netherlands Proteomics Center 

Contact: a.j.r.heck@uu.nl 

 

Title:  Complementary mass spectrometry based methods for probing protein 
assemblies and interactions 

 

Mass Spectrometry based proteomics has played a pivotal role in revealing the 

plethora of protein interactions that take place inside a cell, wherein proteins form 

protein assemblies and/or signalling networks. Especially using affinity purification of a 

tagged proteins followed by mass spectrometric analysis of its binding partners a 

wealth of data has been gathered revealing the all-embracing protein networks present 

in cells. Following the charting of all these interactions, a next step will be to now gather 

more in-depth structural and functional information on these individual protein 

assemblies. This may come from in-depth high-resolution structural models, as well as 

detailed information on how they function and dynamically evolve during cellular 

perturbations. Mass spectrometry may also contribute to this next level of protein 

interaction analysis although it does require partly different and novel approaches. To 

contribute to this emerging new area in proteomics, our group is developing new 

methods using native mass spectrometry and cross-linking mass spectrometry with the 

aim to bridge the gap between interaction proteomics and structural biology. These new 

innovations and applications of them in interaction proteomics will be central in this 

presentation. 
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Abstract # 3738       Computational Proteomics  

Presenter:   Wen Zhang, Bioinformatics Solutions Inc. 

Contact:    wzhang@bioinfor.com  

 

Title:   Quantitative profiling of post-translational modifications by labeling-based 

mass spectrometry approaches 

 

Contributing Authors:  Wen Zhang, Bioinformatics Solutions Inc ; Ziaur Rahman, Bioinformatics 

Solutions Inc; Yifang Chen, Bioinformatics Solutions Inc; Baozhen Shan, Bioinformatics 

Solutions Inc. 

 

Protein post-translational modifications (PTMs) play critical roles in diverse biological 

processes. Identification and characterization of PTMs are essential for a 

comprehensive understanding of cellular biology and human diseases. Recently, mass 

spectrometry (MS)-based proteomics approaches have been applied to identify and 

quantify PTMs and their dynamics successfully. New PTM Profiling function was 

developed and implemented in PEAKS Studio software for PTM analysis. First, MS/MS 

data were searched against published databases for peptide (unmodified and modified) 

identification. Second, for each modification site identified, peptides that contain the site 

are categorized into either unmodified or modified group based on whether the specific 

site is modified. Third, unmodified and modified peptide intensities in different 

samples/labeling channels are calculated based on: (1) for precursor ion labeling (e.g. 

SILAC): summed peptide feature area from MS1 extracted-ion chromatograms (XICs) 

of unmodified and modified groups for different labeling channels separately; (2) for 

reporter ion labeling (e.g. TMT and iTRAQ): summed peptide feature area from MS1 

XICs of unmodified and modified groups that are distributed to different 

samples/labeling channels respectively based on ratios of their reporter ion intensities. 

Missing data were replaced by paired feature intensities by matching within tight 

retention time, isotopic envelops and mass windows to enable quantification without 

identification. PTM quantification results can be normalized by protein ratio estimations. 

Some MS datasets from published literature were used to test the PTM Profiling 

function and the accuracy and sensitivity of PTM quantification results were improved. 
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Abstract # 3742       Computational Proteomics 

Presenter:   Peter Bowden, CEO, Ice & Snow Proteomics 

Contact:    pbowden@start.ca 

 

Title:   Analyzing protein mass spectrometry data using HUPU’s meta-data 

standards, SQL, R, and X!Tandem. File stream objects provide MIAPE 

compliance  

 

Contributing Authors:  Voitek Pendrak 

 

Recently, Microsoft acquired the statistical programming language “R” which now ships 

with SQL SERVER. Combining these two technologies with HUPO’s mzML and 

mzIDentML XML standards and the X! Tandem search algorithm, large scale mass 

spectrometry studies can be highly automated. All relevant data is stored in a relational 

database for subsequent remote advanced analysis in R, SQL Management Studio or 

custom applications. An example of a small mass spectrometry study of 70 ms runs is 

described. A simple user interface allows an operator to select mass spec results for 

study, assign one or more searches to each sample, trigger the searches and examine 

the results in bulk down to the spectra level. As all the data is parsed into relational 

data tables, more detailed statistical investigation can be accomplished using SQL 

Queries and R directly against the database. Multiple projects may be stored in the 

same database. Original and intermediate files can be extracted easily from the 

database. All data, in every table, is cross correlated both between SQL Tables and 

back to the original files yielding Minimal Information about a Proteomics Experiment 

(MIAPE). SQL backups can be made for archiving, patent submissions, publications 

and collaboration purposes. An overall flowchart is provided. Figure 1 shows Microsoft 

R displaying a standard R data summary of the 70 protein search results with an 

example R Histogram of the Base Peak MZ values. Figure 2 shows SQL management 

studio displaying an Identification Table. Figures 3 and 4 display a user interface 

application, built entirely around SQL Queries displaying some sample spectra and 

search information. The Developer/ Community editions of SQL, Visual Studio, R and 

X! Tandem are provided by the various vendors at no cost. 
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Prostate cancer is the most diagnosed cancer in Canadian men, with an estimated 

21,600 new cases in 2016 and 4,000 deaths.**  To further our understanding of tumour 

initiation and progression, we integrated genomic, proteomic, and transcriptomic data 

from 55 intermediate-risk prostate cancer patients from the Canadian Prostate Cancer 

Genome Network (CPC-GENE). We investigated ETS fusions,  a recurrent gene fusion 

in prostate cancer which combines the oncogene ERG with an androgen-regulated 

gene, most commonly TMPRSS2. We found hundreds of genes that are differentially 

expressed at the RNA and protein level between samples with an ETS fusion and those 

without, and that RNA expression and protein abundance are correlated (Spearman’s 

rho = 0.58) in these genes. We identify cell migration and lipid metabolism as two key 

pathways modified by ETS fusions. Since prostate cancer progression is mainly driven 

by copy number aberrations (CNAs), we investigated the relationship between CNAs, 

RNA expression, and protein abundance across the genome. We observed numerous 

trans-acting effects, where a copy number change impacted the expression of multiple 

genes across the entire genome. These findings corroborate previous studies and help 

elucidate the relationship between the genome, transcriptome, and proteome in 

prostate cancer. 

 

** https://www.crs-src.ca 
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Onco-proteogenomics aims to understand how changes in a cancer’s genome 

influence its proteome. One challenge in integrating these molecular data is the 

identification of aberrant protein products from mass-spectrometry (MS) datasets, as 

traditional proteomic analyses only identify proteins from a reference sequence 

database. Here, we have established proteomic workflows to detect peptide variants 

within MS datasets. We used a combination of publicly available population variants 

(dbSNP and UniProt) and somatic variations in cancer (COSMIC) along with sample-

specific genomic and transcriptomic data to examine proteome variation within and 

across 59 cancer cell-lines. We developed a set of recommendations for the detection 

of variants using three search algorithms, a split target-decoy approach for FDR 

estimation, and multiple post-search filters. We examined 7.3 million unique variant 

tryptic peptides not found within any reference proteome and identified 4,771 mutations 

corresponding to somatic and germline deviations from reference proteomes in 2,200 

genes among the NCI60 cell-line proteomes. We present the technical and 

computational challenges in identifying variant peptides by MS, and show that 

uncovering these variants allows the identification of druggable mutations within 

important cancer gene. 
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Large scale intact glycopeptide analysis remains challenging due to complexities 

associated with the glycopeptide structure. Not only must one sequence the peptide 

backbone, but site localization and glycan composition are also required for intact 

glycopeptide analysis. The challenge is further compounded by the fact that traditional 

fragmentations are not ideal for glycopeptide sequencing. The emergence of ETD, and 

EThcD have alleviated a lot of these issues. Here we present a performance evaluation 

comparison of first and second generation quadrupole dual cell linear ion trap Orbitrap 

hybrid mass spectrometer for glycopeptide analysis. Our initial experiments focused on 

optimizing ETD parameters to improve glycopeptides data on Orbitrap Fusion MS. 

Various ETD reaction times, fixed or varied, dependent upon charge states were tested 

to maximize spectral quality. We also optimized EThcD. The primary focus of our 

experiments was on ETD and EThcD, however, we observed that the quality of HCD 

spectra were superior to spectra acquired on other platforms for intact glycopeptides. 

Typically, b and y ions generated from peptide backbone of a glycopeptides are low 

abundant and difficult to detect on mass spectrometers. But in these instruments we 

could easily detect them for sequencing. Our next set of experiments involved 

optimizing Orbitrap Fusion Lumos parameters. In total 11 parameters were tested with 

21 runs to maximize performance. Overall, Lumos identified 9% more unique 

glycopeptides relative Fusion by ETD, 43% more by EThcD and 49% by EThcD over 

ETD. The increase in identification came from large glycopeptides which are 

challenging in mass spectrometry. 
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Prostate cancer is almost exclusively diagnosed as localised disease, with more than 

three-quarters of new cases being low and intermediate-risk patients. Choosing primary 

treatment for these patients, or identifying disease that has progressed while on active 

surveillance, is a major clinical problem. In 2015, our group used MS-based proteomics 

and computational modeling to report on a post-DRE urine based peptide biomarker 

signature, which distinguished indolent, organ-confined tumours from more aggressive, 

extracapsular tumours. Application of these findings to a clinical setting will necessitate 

optimization of the sample preparation methodology in terms of throughput, robustness 

and required sample volume without compromising protein yield and proteome depth. 

In this study, three urinary proteome preparation strategies were compared: molecular 

weight exclusion combined with methanol precipitation, PVDF membrane adsorption, 

and C8 magnetic bead capture. Binding capacities and digestion kinetics were 

examined. Relative to the former protocol, the latter two methods yielded comparable 

amounts of protein for untargeted LC-MS analysis, while reducing the required sample 

volume by 95%,and sample preparation time was reduce by 50%. On the other hand, 

proteome depth was compromised because the number of proteins identified was 

approximately twice as much in the former method. Selecting a benchmark protocol for 

urinary proteome preparation is critical for future experiments that will further validate 

and expand on the prostate cancer peptide signature. 
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Heart failure (HF), a disorder resulting from a variety of cardiovascular diseases 

(CVDs), is now the leading cause of mortality in North America.   Alterations in 

signaling pathways associated with late stage CVD/HF events, such as decreased 

cardiac contractility, hypertrophic cardiomyopathy, and dilated cardiomyopathy have 

been identified, but the critical early regulatory perturbations that precede and 

ultimately result in functional impairment of the heart are not yet known.  Differential 

phosphorylation has been widely implicated as a central regulatory and signaling 

mechanism in a variety of cellular processes associated with the initiation and 

progression of CVDs, but systematic global surveys have only sparsely been reported. 

To address this gap, we are taking advantage of recent advances in quantitative mass 

spectrometry-based techniques to perform large-scale identification and quantification 

of phosphorylation sites in different cardiac pathologies.  Here, we report the 

development of an effective proteome-scale quantitative (phospho)proteomic pipeline 

and its application to the analysis of signaling pathway changes in a mouse model of 

dilated cardiomyopathy (DCM), which resulted in the identification and quantification of 

7,589 unique putative phosphorylation sites on 1848 cardiac phosphoproteins.  This 

analysis allowed for the bioinformatic/systems biology-based elucidation of hundreds of 

dysregulated signaling pathways and other biological process in the very earliest 

stages of DCM, prior to clinical presentation, a large proportion of which have not been 

documented before including a defect in Notch-1 signaling.  Here, we describe critical 

technical aspects in our phosphoproteomics pipeline essential for the identification of 

dysregulated signaling pathways involved in heart failure. 
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The extracellular matrix (ECM) is a complex 3-D network of proteins, proteoglycans, 

and glycosaminoglycans that acts as a unique supporting structure for cells in tissues, 

providing biochemical and biophysical cues to modulate a range of cellular processes.  

Tissue engineering and regenerative medicine fields have increased their efforts to 

develop functional replacement tissue substitutes in the form of decellularized 

scaffolds. Although, decellularized scaffolds have been bioengineered and used for 

transplantation in disease models, little is known about the proteins that are potentially 

left behind during processing. More in-depth profiling and understanding of proteins 

deposited by resident cells is needed to harness the full potential of decellariazed 

scaffolds as biological templates. The current study focuses on the development of a 

novel proteomic technique to reduce the concentration of collagen within decellularized 

biomaterials using bacterial collagenase to improve the detection of low-abundance 

proteins. Decellularized adipose tissue was characterized using conventional single 

enzyme digest protocol and demonstrated a large degree of collagens (~60% total 

weight).  Upon treatment with collagenase, purified from Clostridium Histolyticum we 

observed a significant reduction in total collagen content (~50% reduction) and showed 

a >2-fold increase in total unique detectable proteins. Gene ontology analysis identified 

27 more unique pathways not observed previously. The dual enzyme approach was 

further validated using other ECM matrices which included decellularized bone and 

purified bovine collagen and afforded a 1.5-fold and 1.3-fold increase in total unique 

proteins identified, respectfully. The collagenase depletion strategy described here is 

amenable to various scaffolds that contain collagens. 



 39 

Abstract # 3736      Mass Spectrometry Technologies 

Presenter:   Wen Qin, Western University, Dept Biochemistry 

Contact:    wqin24@uwo.ca  

 

Title:   Identifying non-histone lysine methylated proteins via AP-MS/MS 

 

Contributing Authors:  Kyle Biggar, Institute of Biochemistry and Biology, Carleton University; 

Suzanne Ackloo, Structural Genomics Consortium, University of Toronto; Rui Wang, 

Department of Biochemistry, Schulich School of Medicine and Dentistry, Western University; 

Shawn Li, Department of Biochemistry, Schulich School of Medicine and Dentistry, Western 

University 

 

Post-translational modifications (PTM) are vital regulators of protein function and 

homeostasis. The role of dynamic regulations of non-histone lysine methylated proteins 

(NHKMP) recently began to be recognized in DNA damage repair, apoptosis, and 

transcriptional pathways. A perturbed NHKMP network can lead to diseases such as 

cancer. Our goal is to identify components of the NHKMP network to fully understand 

its importance in healthy versus diseased states. Currently, the best method of 

enriching NHKMP can only identify 72 NHKMPs. The main impediment to identifying 

more NHKMPs is the lack of a high-coverage method: we devised one to capture 

NHKMPs in vitro via affinity purification coupled with tandem mass spectrometry (AP-

MS/MS). A mixture of five naturally occurring lysine methyl-binding domains (KMBD) 

was used. A biotinlyation site was incorporated into each KMBD: they were chosen 

based on their overlapping specificities to achieve maximum coverage of lysine 

methylated peptides. Each individual KMBD specificity was mapped out using substrate 

and permutated peptide arrays. A total of nine different KMBDs were tested: the results 

from the permutated array demonstrated that five of them have distinct specificities. We 

performed affinity pulldown using those five KMBDs on standard peptides and 

trypsinized HEK293 cell lysates; the peptides were identified via MS. We identified over 

200 distinct non-histone lysine methylated peptides with various methylation states 

corresponding to 148 NHKMPs from HEK293. The amount of NHKMPs that we have 

identified in a single run is unprecedented: this allows us to gain valuable insight into 

components of the lysine methylome network. 
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The tumor microenvironment (TME) is a complex and heterogeneous tissue that is 

essential for both tumor development and progression. Its evolution is regulated by the 

tumor itself, inducing stromal changes including the recruitment, activation and 

differentiation of immune cells and cancer-associated fibroblasts (CAFs). CAFs play a 

key role in mediating the extracellular matrix (ECM) through the initiation of actin-

myosin based contraction of the surrounding collagen, elastin, and other fibrillar ECM 

proteins, ultimately increasing stromal stiffness. This has been correlated with human 

breast cancer aggression and invasion, suggesting a link between collagen orientation, 

linearization, and elevated mechanosignalling. Although TME interactions are now 

considered key targets for new interventions in cancer treatment and prevention, the 

precise nature of tumor-TME dependencies remains poorly understood and 

underdeveloped. In breast cancer, the hard-to-treat triple negative subtype (TNBC), 

which lacks estrogen, progesterone and HER2 receptor expression, is not amenable to 

targeted therapies and therefore associated with poor outcome. Our current results 

suggest that primary TNBC patient CAFs differ in remodeling and contractile abilities 

between patients, and their intrinsic ability to migrate correlates with the metastatic 

profile of the patient. Utilizing a high-throughput platform, we aim to identify the 

processes and interactions through which the TME supports tumor progression, so that 

co-dependencies can be targeted to reduce microenvironment support of tumor growth, 

spread and resistance to treatment. This will result in new therapeutic avenues to 

improve TNBC disease outcome. 
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Head and neck cancers (HNC) present mainly in the mucosal surface of the head and 

neck cavities. However, lack of specific markers for more adequate prognosis, 

diagnosis, and treatment, contributes to a 5-year survival rate just above 60%. To help 

improve personalized treatment we endeavored to identify cell surface proteins 

enriched in HNC that can be used as potential therapeutic targets. We used a cell 

surface capture method that included normal oral epithelium cells (NOE) and several 

HNC cell lines. Cells grown in culture were coated with cationic silica-beads, followed 

by cell disruption and enrichment of the plasma membrane fraction by gradient 

ultracentrifugation. Proteins from the enriched membrane fraction were extracted, 

digested, purified, and subjected to MudPIT-based analysis. Data mining of 2515 

protein groups identified 1018 plasma membrane-associated proteins, of which ~200 

candidates were enriched in HNC vs. NOE cells. RNA-seq data analysis showed that 

72 of these candidates had higher expression levels in HNC cells than in other cancer 

cell lines. Protein expression mapping confirmed 11 of these candidates to be 

preferentially enriched in HNC cell lines. One of them, HNCP1 (HNC protein 1), was 

selected for further study. Immunohistochemistry of HNC tumors correlated higher 

expression of HNCP1 in cancer vs. normal tissue. In vitro experiments show HNCP1 

downregulation affects proliferation, migration, cell adhesion, and survival, suggesting 

HNCP1 plays an active role in cancer development and progression. Current 

experiments will determine the specific pathways in which HNCP1 is involved and 

confirm its potential as a target for HNC treatment. 
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Protein  poly(ADP-ribosylation), catalyzed primarily by DNA-dependent PARPs, sits at 

the top of the DNA damage response (DDR). During repair, poly(ADP-ribosylation) 

dictates the recruitment of several DDR-associated factors. Cancers with defects in 

DNA repair genes are particularly sensitive to PARP inhibition, an effect referred to as 

“synthetic lethality.”  Efforts to develop highly specific and effective PARP inhibitors 

(PARPi) have recently shown remarkable success in cancer therapy, leading to the 

FDA approval of Lynparza and Rubraca for the treatment of ovarian cancer. However, 

there is considerable debate about the mechanism through which PARP inhibition kills 

DNA repair-deficient cells. To understand such, we need to establish what are the 

targets of poly(ADP-ribosylation) and corresponding regulators. Major efforts have been 

made over the last decade to model PAR-interacting protein network dynamics. Yet, 

these efforts do not differentiate between the different phases of the cell cycle, a 

decisive factor in the control of the DNA double-strand break (DSB) repair pathway 

choice. Being able to comprehend the PARylation-dependent sensing and signalling 

events of DSB repair and how they are affected by PARPi is of clear importance as 

homologous recombination is the preferred pathway for error-free DSB repair. We have 

designed a large-scale, time course experiment to establish a comprehensive S-phase 

PARylome using affinity-purification techniques coupled to mass spectrometry. Our S-

phase PARylome dataset represents a valuable resource for the investigation of PAR-

binding proteins and PAR-associated proteins that could potentially be of interest for 

the hunt of synthetic lethality or biomarkers in the context of PARP inhibition. 
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Triple negative breast cancer (TNBC) stands out due to its aggressive course and high 

metastatic rates. One of the main reasons for the associated bad prognosis is a 

scarcity of adjuvant therapies, as so far no reliable protein biomarkers defining TNBC 

have been described. Henceforth, there is an urgent need to determine novel TNBC 

biomarkers for the development of new therapeutics and the identification of novel 

molecular mechanisms driving this malignancy. We evaluated the cell surface 

proteome of TNBC by employing hydrazide chemistry to isolate N-glycopeptides, which 

were analyzed by LC-MS/MS. The glycoproteome of six immortalized TNBC cell lines 

was compared to that of two “healthy” human mammary epithelial cell lines 

(commercial and patient derived). The N-glycoproteomics approach led to the 

identification of 2507 deamidation sites with the well-known NXS/T glycosylation motif. 

The corresponding glycopeptides mapped to 1129 proteins, including 124 CD 

molecules. Over 80% of identified proteins are predicted to be membrane-associated 

by Gene Ontology enrichment analysis, whilst ~50% are described as plasma 

membrane/secreted proteins. Bioinformatics approaches will be used to determine 

reliable protein markers abundant in TNBC for future validations. Validated biomarkers 

will be interrogated for their role in TNBC development and metastasis, by evaluating 

their involvement in proliferation, migration, invasion, apoptosis and intracellular 

signaling. Top candidates will be considered for the development of novel therapeutic 

antibodies. 
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The ability of primary patient tumors to engraft in non-obese diabetic severely 

combined immunodeficient (NOD-SCID) mice, is a determinant of poor prognosis in 

early stage non-small cell lung cancer (NSCLC). This suggests that engraftment selects 

for aggressive aspects of cancer phenotype associated with disease progression. The 

underlying molecular mechanisms determining engraftment are currently unknown. For 

this reason, quantitative proteomics approach super-SILAC mass spectrometry was 

used to measure the proteome of 52 primary NSCLC patient tumors consisting of 29 

engrafting (XG) and 23 non-engrafting (NO-XG) tumours. The goal was to find 

signature proteins expressed differently between the two groups. Mitochondrial 

aconitase 2 (ACO2) was found to have the greatest statistical correlation with 

engraftment, with significantly lower expression in XG in comparison to NO-XG. ACO2 

catalyzes the reversible interconversion of citrate and isocitrate at the second step of 

the tricarboxylic acid (TCA) cycle. Consistent with the trend observed in primary 

tumours, our lab showed that higher ACO2 expression in H226 cells in vitro decreases 

proliferation rate and slows down NSCLC tumor growth in mice in vivo, which suggests 

ACO2 may function as a negative regulator of cell proliferation. In addition, low ACO2 

levels were significantly associated with worse outcomes in an independent cohort of 

NSCLC patients by tissue microarray analysis. 
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Peptides from EDTA plasma of patients with Alzheimer’s Dementia, Breast Cancer, 

Heart Attack, Ovarian Cancer, Sepsis and Multiple Sclerosis and the corresponding 

institution-matched normal alongside ice cold or degraded controls were compared by 

liquid chromatography and tandem mass spectrometry.  The peptides were precipitated 

in acetonitrile and then selectively extracted from the pellet with a step gradient of 

increasing water.  The type I error rate of precursor ions of greater than 1000 counts 

were confirmed against a null random model of noise or computer generated random 

spectra and known contaminants.  Peptides from many well-established acute phase 

markers such as amyloids, haptoglobin, complements, fibrinogens, hemopexin, 

antitrypsin, alpha 2 macroglobulin, and others showed variation in terms of frequency 

by the Chi Square test and/or log10 intensity by ANOVA in all of the disease states 

(n≥60) versus all of the controls (n≥60).  There was significant disease-specific 

variation in peptides or phosphopeptides from Zinc Finger, coiled-coiled, DNA binding 

proteins, signaling factors and many other proteins including uncharacterized factors 

between disease states (n≥10) versus the matched institution/study control (n≥10), and 

the average of all controls (n≥60) by Chi Square or ANOVA.  The parent proteins of the 

peptides enriched in disease were independently confirmed to be present in human 

blood fluid by pre-fractionation of the intact proteins of plasma by partition 

chromatography followed by trypsin digestions and LC-ESI-MS/MS. Thus it appears 

feasible to examine the disease variation peptides and/or their patent proteins in 

independent samples without immunological chromatography.   
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The Eph family of receptor tyrosine kinases (EphRs) regulates a wide range of cell-cell 

communication events, such as cell adhesion, migration and tissue boundary formation. 

However, the molecular mechanisms by which EphRs mediate these processes is far 

from being understood. To address this question, we aim to identify new EphR 

downstream effector proteins and to determine their requirement for Eph function. First, 

to unravel EphR-dependent signaling complexes we applied the mass spectrometry-

based BioID approach. We obtained a proximity network for four EphRs, namely 

EphA4, -B2, -B3 and -B4. We identified 188 proteins, the majority of which have not 

been previously linked to Eph signaling. Further bioinformatics analysis revealed a core 

signaling network of 34 proteins shared between the four EphRs. Next, we started to 

explore effect of a loss-of-function of BioID-identified candidates in Eph-dependent cell 

sorting and repulsion assays. Preliminary experiments showed that depletion of PARD3 

blocked segregation of EphB2 cells from ephrinB2 cells, demonstrating that PARD3 

could be a downastream mediator of EphRs. Overall, this research will lead to a better 

understanding of EphRs signaling pathways, providing invaluable insight on the 

mechanisms through which EphRs affect cell behavior. 
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Cells respond to extracellular stimuli via membrane-bound proteins, such as tyrosine 

kinase receptors (RTKs), in order to survive and to adapt to their environment. 

Activated RTKs bear phosphotyrosine (pTyr) docking sites for adaptor proteins such as 

NCK1 and 2 (NCK1/2). Their function is to couple pTyr on activated receptors via their 

single SH2 domain to cytoplasmic effectors containing Pro/Arg-rich motifs via their 

three SH3 domains. The regulation mechanisms of NCK1/2 are poorly understood. We 

sought to determine whether NCK1/2 proteins are regulated by tyrosine 

phosphorylation. We used mass spectrometry to map pTyr residues on NCK1/2 and to 

analyse the effect of those modifications on NCK2 signaling networks in vivo. We 

identified 15 distinct pTyr on NCK1/2, including one that lays in the binding pocket of 

every SH3 domain of NCK1/2 and that is conserved in 57% of the 250 murine SH3 

domains. We identified the RTK EphA4, a direct binder of NCK1/2, as a kinase that 

phosphorylates these residues both in vitro and in vivo. We demonstrated that 

phosphorylation of these Tyr abrogated NCK1/2 SH3 domains interactions with their 

substrates. We further showed that a phosphomimic triple mutant (Y/E) of the 

conserved Tyr of Dock, the Drosophila ortholog of NCK1/2, inhibited its SH3-dependant 

functions in the development of the fly eye. Our data suggests that RTKs are able to 

terminate signaling directly by phosphorylating their substrates, including adaptor 

proteins such as NCK1/2. 
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Compartmentalization, a basic and essential characteristic of eukaryotic life, ensures 

that cellular processes are performed at defined subcellular locations. While both 

biochemical fractionation and microscopic approaches help define subcellular 

organization, many compartments are difficult to probe with classical methods. BioID 

uses an abortive biotin ligase (BirA*), fused to a bait protein, to biotinylate proximal 

proteins in living cells. Here we fused classical subcellular compartment markers and 

peptide signal sequences to BirA* (130 baits in total) to generate protein profiles for 

both membrane-bound (e.g. plasma membrane, endosomes, endoplasmic reticulum 

and mitochondria) and non-membrane bound (e.g. nucleolus and cytoskeleton) 

structures. High-confidence interactors scored via SAINT were subjected to 

computational analysis to identify correlated prey profiles and assigns ~3700 proteins to 

16 distinct subcellular structures. Results demonstrate that BioID recapitulates gene 

ontology annotation and immunofluorescence results for known proteins. BioID can 

define not only the composition of membrane and non membrane-bound organelles, 

but also provide sub-organellar resolution (notably for the mitochondria and ER). This 

facilitates accurate prediction of the localization of uncharacterized proteins, which can 

be further validated by immunofluorescence. Our dataset provides insight into 

compartment-compartment interfaces and functional associations, highlighted by 

connections between the outer mitochondrial membrane and peroxisomes (cargo 

transfer and biogenesis), and the ER membrane and outer mitochondrial membrane 

(mediating mitochondrial fission). To facilitate exploration, our entire dataset will be 

available in a dedicated website (Cell-Map.org) in a queryable format, complete with 

web-based tools for users to analyze, compare, and utilize compartment specific 

controls for their own BioID analysis. 
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Lysosomes receive input from multiple sources, including late endosomes, 

phagosomes, autophagosomes, and mitochondria (collectively, the late endocytic 

system).  Through degradation of received substrates, lysosomes play an important 

role in the mobilization of cellular nutrients, which may be reused to support anabolic 

functions of the cell. Lysosomes therefore act as barometers of cellular nutrient status, 

and integrated mechanisms of nutrient sensing and cell growth control have thus 

evolved to operate on their surface. To explore the intersection of cell growth control 

and endocytic membrane biology, I am using a functional proteomics approach to 

systematically characterize the late endocytic system. Specifically, I am using in vivo 

biotin proximity labeling coupled to mass spectrometry (BioID) to map late endocytic 

organelles under both normal and growth-restricted conditions. Current efforts are 

focused on characterizing nutrient sensing/mTOR signalling machinery, Rab-GTPases, 

SNAREs, vesicle trafficking complexes (retromer, AP complexes, HOPS), and a 

number of endocytic proteins implicated in neurodegenerative disease. Using this 

approach I aim to generate a high-resolution map of the late endocytic system to further 

illuminate mechanisms of cell growth control on endocytic organelles. 
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Messenger RNA (mRNA) cycles between active sites of translation (polysomes) and 

other macroscopic structures known as RNA granules (e.g. stress granules, SGs) or 

bodies (e.g. P-bodies, PBs), where mRNA stalled in the process of translation initiation 

are held (SGs) or degraded (PBs) as a regulatory mechanism. Due to challenges in 

biochemical purification of RNA bodies, the protein composition of SGs and PBs 

remains incomplete. We have used a new biochemical approach called BioID to identify 

novel protein components of SGs and PBs. Briefly, in BioID a protein tagged with a 

mutated bacterial biotin ligase (BirA*) biotinylates nearby proteins in vivo. We use 

affinity-purification coupled to mass spectrometry (MS) to obtain list of high-confident 

preys that pass an extensive statistical test. To date, we have acquired BioID data for 

~130 proteins involved in post-transcriptional regulation, and ~60% of these show 

strong SG or PB BioID profiles, and are validated by their co-localization with known 

SG or PB markers. Using correlation analysis of all preys identified in our dataset, we 

observe highly interconnected network of ~100 SG and PB proteins, 20% of which are 

likely to be novel. In order to understand the role of these predicted SG and PB protein 

components, we use CRISPR-mediated knock-out of individual proteins in tissue 

culture system to assess their impact on assembly dynamics of SGs or PBs. Our 

preliminary test on about 50 SG components resulted in ~20% to show some defects in 

SG assembly, suggesting that our dataset is rich in functional information. 
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Cancer is a disease of unrestricted growth, an imbalance between catabolic and 

anabolic pathways. The mTORC1 complex (mammalian target of rapamycin) is a major 

decision maker that controls the switch between catabolism to anabolism. However, 

mTORC1 is often activated aberrantly in cancer, due to mutations in upstream 

regulators that normally relay growth factor signals to mTORC1, notably phosphatases 

(PTEN), kinases (PI3 kinase, AKT) and G-proteins (K-Ras). Despite their prevalence in 

cancers, the functional outcomes of many of these mutations are not understood. A 

major consequence of disease-associated mutations is the loss of protein interactions 

normally associated with the wildtype protein, we embarked on a systematic 

investigation of cancer mutant interactomes. Quantitative mass spectrometry is used to 

profile changes in protein interactions associated with cancer mutants in upstream 

regulators of mTORC1. To interrogate PPI perturbations, both affinity purification 

coupled with MS (AP-MS) and a complementary technique called BioID are employed. 

To date, 52 total baits (26 wt and 26 cancer-associated mutants) were profiled by BioID 

and AP-MS. Localization signatures (e.g. plasma membrane) dominate the BioID data, 

while AP-MS data more readily reveal interactions with entire complexes. We have 

profiled wild type and mutated A-Raf (S214F) and Raf1 (S257L), in the Ras/Raf arm. In 

the AP-MS data, there is decreased association with phosphopeptide binding 14-3-3 

protein complex in the mutant compared to wt Raf1 and A-Raf. In addition, for both 

mutants, we see an increased association with several of the components of the protein 

phosphatase 6 complex (PP6) with both approaches. 
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Autophagy is a cellular pathway important for adaptation to stress; it balances energy 

levels and transports specific cargo for degradation in the lysosome. The three 

members of the LC3 family of proteins (LC3A, LC3B and LC3C) are central 

components of autophagosomal biogenesis, and play a key role in cargo recruitment. 

Autophagy is known to have both tumor-promoting and tumor-suppressive roles and 

recent studies suggest that different LC3 homologs, may mediate distinct roles of 

autophagy in cancer. We have established that activity of the Met Receptor Tyrosine 

Kinase (RTK), which is linked to aggressive tumors with poor prognosis, is negatively 

regulated by autophagy via a specific interaction with a single LC3 homolog, LC3C. 

However, other specific functions for the different homologs and the mechanisms 

through which they can impact cancer progression are still largely unknown. Here 

through an unbiased BioID screen we begin to dissect individual roles for the LC3 

family members. We have identified a set of distinct interactors for each homolog 

supporting their non-redundant function, and highlighting the possibility of eventually 

targeting distinct arms of the autophagic pathway in the context of cancer. 

 

 

 

 



 53 

Abstract # 3748       Functional Proteomics 

Presenter:   Husam Khaled, McGill University 

Contact:    husamkhaled@hotmail.com  

 

Title:   Deciphering the interactome of MAD2B using different mass spectrometry 

approaches 

Contributing Authors:  Damien Grapton, Lady Davis institute; Martin Karam, Lady Davis 

institute; Jesse Hudson, Lady Davis institute; Halil Bagci, Montreal Clinical Research institute; 

Dr. Jean-Francois Cote, Montreal Clinical Research Institute; Dr. Josie Ursini-Siegel, Lady 

Davis Institute; Dr. Alexandre Orthwein, Lady Davis institute 

 

Cells are continuously exposed to sources of DNA damage, which can compromise 

genomic stability. Persistent genetic instability is linked to many disorders and is a 

hallmark of cancer. DNA double-strand breaks (DSBs) are the most cytotoxic DNA 

lesions, since, if left unrepaired, they can lead to major genomic rearrangements and/or 

cell death. To avoid such outcomes, the cells have developed a complex response to 

signal/repair DSBs.MAD2B has emerged as a central regulator of the DSB response. 

This ubiquitous protein has been previously involved in multiple critical biological 

processes, including DNA translesion synthesis and control of premature activation of 

anaphase during mitosis. However, it remains largely unclear how MAD2B contributes 

to maintenance of genome stability, since it lacks any catalytic activity, and therefore 

whether it recruits any specific complexes.Using standard affinity purification coupled to 

mass spectrometry (AP-MS) complemented with proximity-based biotinylation BioID 

approach, we aimed at identifying novel MAD2B interactors and interrogate their 

relevance for genome stability.We identified 84 novel MAD2B partners, including a 

subset of zinc finger proteins (ZNF) previously involved in chromosomal alignment, 

mitotic cell cycle progression. Depletion of one of these ZNF proteins results in 

hypersensitivity to DNA damaging agents, including the clinically relevant PARP 

inhibitors. Its knockdown by siRNA impairs DSB repair by homologous recombination 

and single-strand annealing. Critically, its depletion results in compromised 

tumorigenesis in vivo using a mouse breast cancer model. Altogether, our findings 

show that this ZNF protein is critical for the DNA damage response and tumour 

development. 
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The Met receptor tyrosine kinase and its ligand, HGF, regulate cell motility by activating 

the small GTPase Arf6. However, the molecular determinants of Arf6 activation in 

response to HGF are unknown. Using an siRNA screen of putative Arf6 guanine 

exchange factors, we have found that cytohesin-1 is required for HGF-dependent cell 

migration and actin rearrangement. Similarly, knockout of cytohesin-1 reduced HGF-

dependent cell migration, membrane ruffling and actin rearrangement. Cytohesin-1 is a 

multidomain protein containing a coiled-coil, Sec7 and a PH domain. Two isoforms are 

expressed that differ in a single glycine residue in their PH domains (diglycine or 

triglycine). This glycine defines the phosphoinositide binding specificity of each isoform. 

Intriguingly, only the diglycine isoform rescued HGF-dependent cell migration which 

was dependent on its ability to activate Arf6. We show that the purified diglycine PH 

domain binds with 630-fold selectivity of IP4 over IP3, binds to PIP3 on liposomes with 

an affinity of 54nM and is recruited to the leading edge in response to HGF. The 

purified triglycine PH domain binds with lower (4.3-fold) selectivity and overexpression 

is sufficient to induce membrane ruffling and actin remodelling but not rescue HGF-

dependent cell migration. We observe that it is constitutively recruited to the plasma 

membrane, however is not polarized. To determine whether the different isoforms may 

be recruited to different signaling complexes we have recently performed BioID on both 

cytohesin-1 isoforms. Together, these data suggest that localized PIP3, recruitment of 

cytohesin-1 and activation of Arf6 in response to HGF may regulate cell migration. 
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The F-box and WD Repeat Domain Containing 7 protein (FBXW7) functions as the 

substrate recognition subunit in the SKP1-Cullin-FBX ubiquitin E3 ligase complex, 

where it facilitates the polyubiquitylation of substrates for proteasomal degradation. 

FBXW7 is frequently mutated in cancers at hotspots in its substrate recognition domain, 

which is believed to disrupts its ability to bind a phosphorylated motif (also referred to 

as a phosphodegron) on its substrates. Despite its apparent importance, many aspects 

of FBXW7 biology remain underexplored, including the substrate profiles of its three 

main isoforms and the motif that they recognize on their substrates.Technical 

limitations in traditional assays studying protein-protein interactions have restricted the 

identification of FBXW7 substrates with mass spectrometry. To improve the detection of 

FBXW7 substrates, we used a proximity-dependent biotinylation assay (BioID) 

optimized for the study of E3 ubiquitin ligases. We observe over 100 new putative 

substrates, many of which are isoform-specific. Studies of substrate stability have 

confirmed many proteins as bona fide substrates, implicating FBXW7 in a variety of 

novel biological processes. Additionally, nucleoplasmic FBXW7 mutants appear to have 

mutant-specific substrates that are undetected by wildtype FBXW7, consistent with 

recent reports suggesting that FBXW7 mutants actively contribute to disease 

progression.We are also performing high-throughput peptide-binding assays using 

peptides designed by a computational model, which predicted novel features in the 

phosphodegron that may increase the propensity of binding to FBXW7. We aim to 

incorporate results from these experiments with our current pipeline to improve 

prediction and validation of FBXW7 substrates. 

 

 

 

 

 



 56 

Abstract # 3722       Functional Proteomics 

Presenter:   Michael Cohen, Sanofi Pasteur, York University 

Contact:    mcohen85@gmail.com  

 

Title:   Characterizing the immune response to novel vaccine candidates in a 

human whole blood assay using high-dimensional single cell proteomics 

 

Contributing Authors:  Leslie Fung, Fluidigm Canada; Jessica Watson, Fluidigm Canada; Roger 

Brookes, Sanofi Pasteur; Derek Wilson, York University; Andrew James, Sanofi Pasteur, York 

University 

 

Monitoring the immuno-modulatory effects of vaccine formulations is critical for novel 

vaccine development. While animal models have been effective, increasing evidence 

suggests differences when translating to the human immune response. Hence, the 

development of new methods to study complex and heterogeneous immune cell 

populations in a human-based system is of critical importance. In this study, we will 

utilize fresh human whole blood as a model to screen vaccine formulations. The 

immune response will be characterized by high-throughput single cell analysis using 

mass cytometry. Specifically, this deep proteomic profiling will provide crucial biological 

information regarding immunophenotyping and the expression of key cytokines and 

signaling cascades at a single-cell resolution. We have conducted a proof of concept 

analysis on human peripheral blood mononuclear cells to optimize the mass cytometry 

protocol and devise a panel of target antibodies. Preliminary results revealed optimal 

immunophenotpying of naive, effector, and memory T-cells, as well as other immune 

cells including B cells, monocytes, and NK cells. Furthermore, we have established an 

efficient method for the fresh human whole blood assay by stimulating samples with a 

range of vaccine formulations and measuring the baseline immune response by ELISA 

for interferon gamma production. We are currently optimizing the mass cytometry 

protocol for use with the human whole blood assay.This unique approach will produce 

high-dimensional data on adjuvant-modulated, antigen-specific immune responses in a 

clinically relevant human model. 
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Conjugation of ubiquitin to lysine residues on target substrates alters their functions in a 

number of ways.  This process is carried out in a three-step enzymatic cascade 

consisting of an activating enzyme (E1), a conjugating enzyme (E2), and a ligase (E3). 

While there are 35 active E2s in mammalian cells, the specific biological functions of 

the majority of these enzymes have not been elucidated. To better understand the 

biological functions of E2s, interactome and gene essentiality screens were performed. 

A proximity-dependent biotinylation assay (BioID) was performed to identify interacting 

partners for 31 of the 35 E2s in HEK 293 cells. 4844 high confidence protein-protein 

interactions were identified amongst 1405 different polypeptides. 163 E2-E3 

interactions were identified, in which 100 were novel. To identify gene essentiality, a 

CRISPR based screen will be performed. Cancer cell lines expressing Cas9 were 

generated, which were then transduced with a pool of guide RNAs (gRNA) targeting the 

E2s.  Genomic DNA was collected at both the start and end of the experiment to 

quantify the change in gRNA abundance for each E2 by means of deep sequencing. To 

identify an essential E2 gene, we expect to see a depletion of its gRNAs at the end 

point compared to the initial population. These experiments will be integral to our 

evaluation of the contribution of the E2 enzymes to biological processes as E2s may 

represent viable targets for therapeutics for diseases. 
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Cardiac fibroblasts (CF) are key contributors to pathophysiology of the heart after 

ischemic injury and disease progression, such as fibrosis and heart failure. 

Cardiomyocyte (CM) and CF intercellular communication occurs through paracrine 

interactions and modulate myocyte stress response. Previous studies suggest CF 

exosomes (EXO) modulate pathophysiology in vitro. Detailed proteomic analysis of the 

CF secretome in normal and stressed conditions will offer insights into the role of CF in 

heart disease. Primary mouse CF were cultured for 24h in 21% (normoxic) or 2% 

(hypoxic) O2. Conditioned media was separated to obtain EXO and EXO-depleted 

secretome fractions. MuDPIT was performed on secreted fractions. Whole cell lysate 

data was also generated to provide subcellular context to the secretome. Proteomic 

analysis identified 6163 unique proteins in total. Statistical (QSpec) analysis identified 

494 proteins differentially expressed between fractions and oxygen conditions. Gene 

Ontology enrichment analysis revealed hypoxic conditions selectively increase 

expression of proteins with extracellular matrix and signalling annotations. Finally, we 

subjected CM pretreated with CF secreted factors for hypoxia/reoxygenation. Viability 

assays suggest altered viability due to CF-derived factors. CF secretome proteomics 

revealed differential expression based on mode of secretion and oxygen-levels in vitro.  
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The DDB1/CUL4 ubiquitin ligase is involved in several cellular processes including cell 

proliferation, DNA replication and genomic integrity trough targeted ubiquitination of key 

regulators. The specificity of this ubiquitin machinery is mediated by substrate 

recognition adaptors named DDB1/CUL4 associated factors (DCAFs), which are 

characterized by the presence of a short structural motif of approximately 40 amino 

acids terminating in a tryptophan (W)-aspactic acid (D) dipeptide, the WD40 domain. 

Using bioinformatics and structural analyses, 60 different WD40 containing proteins 

were proposed to act as potential adaptors for the complex. However, it is still unclear 

which of the several hundreds of WD40 containing proteins are specific to the 

DDB1/CUL4 complex, and very few protein targets for these DCAFs have been 

identified. Our aim is to identify the protein partners of each DCAF using affinity 

purification followed by mass spectrometry to confirm their association with DDB1-

CUL4 and to identify their interaction partners. Moreover, identification of protein 

substrates for ubiquitin ligases is not always guaranteed because of possible weak or 

transient interactions and from the resulting degradation of the protein substrates. By 

measuring the turnover of proteins using a pulse-chase SILAC approach, we found that 

TCERG1, a protein involved in the alternative splicing of BLC-X, is degraded upon 

expression of DDB2, a protein involved in the response to UV damage, promoting the 

formation of the pro-apoptotic form of BCL-X. Using a combination of quantitative mass 

spectrometry approaches, we identified several new interactions partners for DCAFs as 

well as new substrates for the DDB1-CUL4 complex. 
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Upon heat stress, protein homeostasis is disrupted due to the increase of protein 

misfolding. During this stress, protein translation is halted and various translation 

initiation factors and mRNA assemble into stress granules (SG) until the stress is over. 

In this study, we used mass spectrometry based proteomics and high-throughput 

confocal microscopy screening to characterize the macromolecular aggregates formed 

under acute heat stress in yeast. By differentially label heat-shocked (HS) and non-HS 

cells with SILAC, we identified ~4,300 proteins and quantified 2,717 proteins in both 

supernatant and pellet fractions after centrifugation. Notably, we identified over 150 

proteins that were depleted over 90% from the supernatant fraction following HS. 

Those proteins are enriched with RNA binding gene ontology annotations, consistent 

with an enrichment of putative heat SG proteins among pelletable proteins. Further 

protein feature analyses also showed that those proteins are significantly more 

abundant and have more intrinsic disordered regions. We found a group of proteins 

partially co-localizing with SG marker Pab1 that only localized in a few SG foci per cell, 

indicating that several distinct substructures exist. We next performed a 20 minute 

pulse SILAC chase experiment to confirm that proteins within the SG were long-lived 

proteins. Surprisingly, we then identified a second cohort of pelletable proteins that 

consisted of newly synthesized proteins. In conclusion, we identify many potential 

stress granule proteins that co-localized with Pab1 upon heat-shock and our finding 

provides a gateway to uncover the mechanism of heat stress granule formation and 

how it helps cell survived through heat-shock. 
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There are 9 proteases in the mitochondrial intermembrane space (IMS), but their 

function, substrates, and mechanisms of action remain largely unknown. Mutations in 

mitochondrial IMS proteases have been linked with neurodegenerative disorders, 

metabolic disorders, and cancer, but how the mutations affect the function of these 

proteases is also unknown. To determine novel functions of the 9 IMS proteases, we 

used a proximity-dependent biotin labeling (BioID) assay to map the interactome of the 

mitochondrial IMS proteases in 293 T-REx cells. Putative interactors were validated in 

intact cells. Our preliminary BioID dataset identified new functions and localizations of 

the 9 IMS proteases. For example, HtrA2, an IMS protease with little known 

mitochondrial function, interacted with 7 out of 12 components of the mitochondrial 

intermembrane space bridging complex (MIB) complex. The MIB complex is essential 

for proper mitochondrial cristae formation. Consistent with this finding, knockdown of 

HtrA2 in HEK293T-REx and OCI-AML2 cells led to improper cristae formation by 

electron microscopy. In addition, HtrA2 knockdown cells increased levels of CHCHD3, 

a MIB complex component, and faster migrating bands of CHCHD3 were detected on a 

native gel. Thus, these results suggest that HtrA2 is required for proper degradation 

and folding of CHCHD3 in the MIB complex. The BioID assay identified new interactors 

and functions of the 9 IMS proteases. We hypothesize that HtrA2 regulates cristae 

formation by degrading damaged or unfolded MIB complex components. Further 

analysis of IMS protease interaction profiles will likely reveal additional novel functions 

for this ill-defined enzymes. 
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Cystic Fibrosis Transmembrane Conductance Regulator (CFTR) is an integral 

membrane protein that functions as a chloride channel in secretory cells in epithelia. 

Mutations in CFTR cause Cystic Fibrosis (CF), a disease that leads to progressive 

respiratory complications among other symptoms. Current treatments for CF patients 

only alleviate the conditions of the disease without restoring the underlying functional 

defects. Studying the dynamic CFTR interactome, which considers the change in 

protein-protein interactions (PPIs) that can occur in the presence of drugs, and between 

mutant and wild-type forms of CFTR, will provide insight into the molecular machinery 

affecting CFTR and will be of great value in the development of future therapeutics. 

Thus, we are applying a novel high-throughput screening technology, the Mammalian 

Membrane Two-Hybrid (MaMTH) system, to build a comprehensive and dynamic 

protein interactome of full-length wildtype CFTR, and its most common CF-associated 

mutant, F508del. MaMTH is a protein complementation assay that uses split-ubiquitin 

reconstitution to observe membrane protein-protein interactions in vivo. Using the 

MaMTH assay, we have completed preliminary biased screening of ~300 predicted and 

previously known interactors of CFTR. Membrane potential assays were performed 

using Flurometric Image Plate Reader (FLIPR) assay kit on some of the top interacting 

partner candidates in the presence of wildtype or F508del CFTR as follow-up functional 

studies. From this, a pilot drug screening study has been initiated involving one of the 

most promising CFTR interactors, 14.3.3 gamma, to find a stabilizer compound.  
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MET tyrosine kinase receptor is a proto-oncogene involved in embryogenesis, tissue 

regeneration and wound healing. Aberrant MET signalling causes tumorigenesis, 

metastasis and cancer drug resistance and therefore is involved in several cancers. 

Hence, understanding the interactome of MET is essential to elucidate oncogenic 

signalling cascades as well as to identify novel therapeutic targets. To date, there lacks 

a comprehensive interactome analysis of a full-length MET receptor in its native 

environment. We mapped a targeted MET interactome using a novel technology, 

Mammalian Membrane Two Hybrid (MaMTH), a sensitive and versatile assay that 

allows for study of full length membrane proteins in their native environment. Using 

MaMTH we have completed a preliminary screening of 178 predicted and previously 

known interactors of MET in the presence and absence of MET inhibitor Crizotinib. We 

have identified 68 interactors of which 56 are novel interactors of MET. Moreover, with 

Crizotinib integration into our MaMTH assay, we have obtained the MET 

phosphorylation dependence profile of interactors identified.  
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To perform their specific function, every protein needs to adopt a specific three-

dimensional conformation, be trafficked to the proper organelle, and, ultimately, be 

degraded. Together, these steps constitute protein homeostasis, or proteostasis. 

Failure in proteostasis is associated with diverse diseases, including cancer and 

neurodegenerative diseases.Chaperones are key regulators of proteostasis. The 

HSP70 chaperones and their HSP40 co-chaperones, conserved from bacteria to higher 

eukaryotes, regulate the fate of thousands substrate/client proteins, but their specific 

client repertoire remains largely uncharacterized. My project aims at discovering this 

repertoire for each of the 14 human HSP70 and their 47 HSP40 co-chaperones, using 

complementary interaction proteomics approaches.In the initial phase of the project, we 

used FLAG affinity purification coupled to mass spectrometry and the complementary in 

vivo proximity biotinylation strategy (BioID) to uncover interaction partners and vicinal 

proteins for 50 components of the HSP70/HSP40 machinery. Preliminary data suggests 

a striking interactor specificity for the different HSP40s, pointing to different biological 

functions. For example, only DNAJC2, the ribosome-associated complex HSP40, 

interacts with DRG1 and DRG2, two evolutionarily conserved proteins that play roles in 

translation. Additionally, two HSP40s interact with different components of the splicing 

machinery: DNAJC8 with the U2 splicing complex, and DNAJC17 with the U5 and 

PRP19 complexes, suggesting that these HSP40s may be implicated at different 

stages of splicing regulation.Validation of new chaperone-client interactions will shed 

light on specificity of this machinery for client proteins and will lead to a better 

understanding of the role of each chaperone in the cell. 
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The Myc family of transcription factors, c-Myc, N-Myc and L-Myc, are deregulated in 

many cancers. The mechanisms responsible for the deregulated activity of Myc in 

cancer are not well understood. A number of protein-protein interactions (PPIs) have 

been suggested to promote the oncogenic activity of Myc. Traditional biochemical 

approaches have not been successful at mapping Myc interactors due to their tight 

association with chromatin and the labile nature. Mapping the PPIs that support the 

aberrant activity of Myc in cancer is thus of high interest. A new mass spectrometry-

based technique, BioID-MS, which relies on proximity-based biotin labeling, has 

emerged as a key advance for the characterization of PPIs. Here, we describe a new 

application of the BioID-MS technique for the characterization of Myc family interactors 

in human cell lines. Using the BioID assay, we identified more than 30 known and 

validated c-Myc interactors, some of which include the components of the STAGA 

complex. We were further able to identify more than 100 novel high-confidence c-Myc 

interactors, which include components of the DNA repair and replication machinery, 

general transcription and elongation factors.  The BioID-MS technique can be used to 

extend the mapping of the Myc interactome and contribute to a greater understanding 

of Myc regulation by PPIs. We are currently validating the interactomes of N-Myc and 

L-Myc, and are interested in common interactors of the Myc family that contribute to 

their oncogenic activity, and to understand whether these interactors could be potential 

therapeutic targets in cancer. 
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Protein-protein interactions (PPIs) are the foundation of signalling pathways which are 

essential for appropriate cellular function and heterogeneity. Several methods have 

been developed to elucidate PPI pairs, such as coimmunoprecipitation (co-IP) and 

bimolecular fluorescence complementation (BiFC). Albeit powerful, current methods 

have individual limitations, which include the inability to detect binary interactions or 

studying PPIs in their native context in vivo.  Our lab has previously developed the 

Mammalian Membrane Two-Hybrid (MaMTH) assay to detect binary PPIs occurring in 

the plasma membrane of mammalian cells. We are expanding this assay to develop a 

split-ubiquitin cytosolic PPI assay able to detect binary interactions in vivo in 

mammalian cell lines (CytoMath). To adapt this system for cytosolic PPIs, we utilized a 

nuclear export signal (NES) sequence inserted into either the N-terminal domain or the 

linker region of the resultant bait fusion protein to reinforce the cytosolic localization of 

the bait. We generated nine different bait constructs, five with NES insertions in the N-

terminal domain and four NES insertions in the linker region. While all NES insertions 

were able to improve the accuracy of cytosolic PPI  detection, the bait construct 

containing the MAPKKK NES insertion in the linker region provided the highest 

accuracy in detecting positive PPIs using a manually curated reference set of 37 

positive and 37 negative PPIs. Here we show that CytoMath is currently capable of 

detecting cytosolic PPIs at levels of statistical significance. 
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The human genome contains over 700 C2H2 zinc finger proteins (ZFPs), comprising by 

far the largest class of transcription factors (TFs). The sequence preferences of C2H2-

ZFPs evolve rapidly and vary dramatically, due to their modular and flexible DNA 

recognition mechanism. Much less is known about how they regulate transcription, but 

most human C2H2-ZFPs also contain KRAB, SCAN, or BTB domains, suggesting 

limited diversity in effector function. Here, we employed affinity purification with mass 

spectrometry (AP-MS) to map protein-protein interactions (PPIs) from cell extracts for 

118 DNA-binding C2H2-ZFPs. Surprisingly, each C2H2-ZFP typically interacts with a 

unique spectrum of nuclear factors, often encompassing both co-activators and co-

repressors. KRAB, SCAN and BTB domain subclasses recruit expected interaction 

partners based on previous investigations, but additional and alternative PPIs are 

pervasive within each group. Strikingly, C2H2-ZFPs most commonly interact with other 

TFs (primarily other C2H2-ZFPs), followed by post-translational modifiers, scaffold 

proteins and proteins with RNA-related functions. Thus, PPIs are a major contributor to 

the functional diversity of C2H2 ZFPs. We present evidence that the evolution of PPIs 

is independent of evolution in DNA sequence preferences, consistent with 

“multiparameter” functional diversification. Future work will focus on the means by 

which PPI specificity is acquired across this highly diverse class of human TFs.  
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Alternative splicing is a key process underlying transcriptomic and proteomic 

complexity. In humans >95% of multi-exon genes generate splice variants, many of 

which show evidence of tissue or cell specific regulation. Despite their widespread 

prevalence, the mechanisms by which these splicing events can alter cellular function 

remains largely uncharacterized. One of the ways in which alternative splicing can 

regulate protein function is through fine-tuning specific protein-protein interactions. This 

is especially true in the nervous system where nearly half of all neural regulated 

alternative exons are predicted to form protein isoforms when the exon is both included 

or skipped. To further understand the role of these neural splice variants, I am applying 

affinity purification coupled to data-independent mass spectrometry to identify exon-

dependent changes in the interaction profile of isoform pairs that differ only in the 

inclusion or skipping of a single neural regulated exon. Initial results from analyzing a 

subset of chromatin regulators show exon-dependent changes in interaction profile for 

one-third of the tested bait proteins. This includes striking changes upon inclusion of a 

neuronal microexon in the histone demethylase Kdm1a, the deletion of which has been 

shown to result in seizures in a murine model for epilepsy. The functional significance 

of these and other neural exon-dependent interaction differences is under investigation. 

More generally, we will expand our approach to uncover the multifaceted roles of 

networks of alternative splicing events linked to the development and function of the 

mammalian nervous system. 

 

 



 69 

Abstract # 3734       Functional Proteomics 

Presenter:   Xinzhu Wang, University of Toronto/Tanz CRND 

Contact:    louisa2726@yahoo.ca  

 

Title:   A CRISPR/Cas9-edited human cell system for dissecting the chronology of 

events underlying proteotoxic stress in tauopathies 
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A key open question is how tau proteins aggregate and cause proteotoxic stress. 

Critically needed are next-generation models that can be employed to reveal the 

chronology of events underlying tau’s aggregation and proteotoxicity. We are poised to 

fill this unmet need with novel CRISPR/Cas9-generated cell models that can be 

induced to express human tau alleles at defined isoform ratios. More specifically, 

inducible tau expressing human neuroblastoma (IMR32) and neural progenitor cells 

(ReN) were created in a two-step gene engineering workflow: First, a pair of foundation 

lox sites was inserted into the AAVS1 human genome safe harbor locus via a 

CRISPR/Cas9 nickase strategy. Second, wild-type and P301L tau C-terminally fused to 

the enhanced green fluorescent protein were inserted into the primed AAVS1 locus by 

Cre recombinase-mediated heterologous gene exchange. The cells are suitable for 

time-course transcriptome and proteome analyses in neuron-like cells.Accurate 

transgene insertion was confirmed by genomic PCR. Marked induction and tight control 

of the inducible model were validated after induction with doxycycline for 0-18 h.  

Preliminary quantitative MS3 mass spectrometry analysis using iTRAQ-labelled, 

trypsin-digested peptide samples confirmed that tau interacts with a large segment of 

the cellular ribonucleoproteome at as early as 12 h after induction. Distinct differences 

between wildtype and P301L tau can be seen in the mass spectrometry-based 

interactome data. We successfully generated an inducible tau-EGFP expression 

system that enables the identification of aberrant tau interactions and the time-resolved 

characterization of perturbations to the cell underlying proteotoxic stress. 

 



 70 

Abstract # 3753       Functional Proteomics 

Presenter:   Dylan Dieters-Castator, Western University 

Contact:    ddieters@gmail.com  

 

Title:   Characterizing the Nodal-regulated breast cancer secretome and its role in 

multipotent stromal cell recruitment 

Contributing Authors:  Miljan Kuljanin, University of Western Ontario; David Hess, University of 

Western Ontario; Gilles Lajoie, University of Western Ontario; Lynne-Marie Postovit, University 

of Alberta 

 

The tumour microenvironment is comprised of pro-tumourigenic cell types including 

multipotent stromal cells (MSCs), which are in part, recruited via factors secreted by 

cancer cells. Nodal is a cytokine and transforming growth factor-beta superfamily 

member involved in tumour growth and vascularisation. Herein, we examined the direct 

and indirect effects Nodal on MSC chemotaxis to better characterize its pro-

tumourigenic roles in breast cancer. Nodal signalling components in MSCs were 

measured by qRT-PCR and Western blotting. MSC chemotaxis towards breast cancer 

conditioned media (CM) was examined using fibronectin coated transwells. High 

resolution mass spectrometry was performed to identify differentially expressed 

proteins secreted by Nodal knockdown (MDA-MB-231) and Nodal overexpressing 

(SUM149) breast cancer cells using Stable Isotopic Labelling by Amino Acids in Cell 

Culture (SILAC) and label free methods, respectively. Breast cancer CM and receptor 

expression on MSCs were assessed using ELISAs and flow cytometry, respectively. 

MSCs express Nodal signaling components but did not respond to stimulation with 

Nodal. MSC chemotaxis decreased towards CM from Nodal knockdown MDA-MB-231 

cells, which secreted lower levels of CXCL1, CXCL8, IL6 and M-CSF1. Receptor 

expression for IL6 (IL6R) but not CXCL1 and CXCL8 (CXCR1 and CXCR2) was 

detected on MSCs. Although IL6 moderately increased MSC chemotaxis, neutralization 

in MDA-MB-231 CM had no effect. Interestingly, CXCL1, CXCL8, and IL6 levels 

decreased in SUM149 CM following Nodal overexpression which resulted in decreased 

MSC chemotaxis. Nodal induces alterations in the breast cancer secretome which can 

differentially promote and abrogate MSC chemotaxis. 
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Ran-binding protein M (RanBPM) is a nucleocytoplasmic protein identified as a 

regulator of oncogenic signaling pathways through an unknown mechanism. RanBPM 

is a core member of the CTLH (C-terminal to LisH) complex, a putative E3 ubiquitin 

ligase. Two proteins within the CTLH complex, Rmnd5A and MAEA, both contain 

conserved RING domains. RING domains in E3 ligases are responsible for mediating 

the transfer of ubiquitin, a post-translational modification, to specific proteins. The 

function and activity of the CTLH complex has not yet been demonstrated in 

mammalian cells. We hypothesize that RanBPM regulates oncogenic signaling 

pathways by recruiting target proteins to the CTLH complex for ubiquitination. Using in 

vitro auto-ubiquitination assays and immunopurified RanBPM or Rmnd5A, we have 

demonstrated E3 ligase activity of the mammalian CTLH complex. CTLH complex 

member expression is downregulated in RanBPM deficient cells suggesting that 

RanBPM plays a major role in complex stability. Also, we have narrowed down the 

region of RanBPM that associates with the complex. To identify proteins that are 

ubiquitinated by the complex in a RanBPM-dependent manner, a proteomic screen to 

detect differentially ubiquitinated proteins has been conducted in control and RanBPM 

depleted cells. Using this approach, potential ubiquitin targets of the complex have 

been identified. Overall, this study is characterizing a novel E3 ligase complex and is 

identifying novel mechanisms of oncogenic cell signaling regulation that could be 

valuable towards the development of effective cancer therapies. 
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impact II UHR-QTOF make it the ideal choice for life scientists who 
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